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ABSTRACT 
Archaeologists working in the Eastern Mediterranean do not fully understand the 
relationship between the earliest known farming communities of the Early Neolithic and 
the earliest known proto-urban communities of the Late Neolithic, despite more than a 
century of intensive study.  The ongoing excavations at Beisamoun Pond 11, in the Hula 
Valley of northern Israel (ca. late 8th – early 7th millennia BCE), provide a rare 
opportunity to better understand this transition.  For this study, micromorphological 
analyses were performed on the earthen construction materials and the surrounding 
sediments from a large, multiphase structure and several partially preserved architectural 
features.  These analyses were performed alongside excavation in order to clarify the 
stratigraphic relationships, site formation processes, and degree of preservation of context 
at the site. 
 viii 
 Five main conclusions are drawn.  First, the earliest exposed layers were built on 
a sloping, irregularly surfaced wetland soil.  Second, construction material at the Pond 11 
area was composed of local silty clay loam mixed with ashes, dung, and plant temper.  
Third, construction material and archaeological accumulation degraded during a period of 
semi-abandonment, ca. 6700 – 6600 BCE, and the degradation products (e.g., adobe, ash, 
coprolites, and charcoal) are spread over 175 m.  Fourth, several walls of the early Pond 
11 structure survived for centuries and were reused during later periods of rebuilding.  
Finally, bioturbation and pooling water have greatly disturbed the upper layers; the 
earlier layers are better preserved.  
 The micromorphological results lead to a discussion of community continuity and 
social memory during this period.  The extent of the deposits indicates a large early site, 
which may have continued elsewhere after ca. 6600 BCE.  The reuse and reoccupation of 
the main structure suggest continuity social values in the wider Beisamoun site, even as 
new forms of mortuary practice suggest social change. The conclusion adds to recent data 
that the Early to Late Neolithic transition was more gradual and subtle than claimed 
previously.  At the methodological level, this dissertation provides a further example of 
the benefits of integrating micromorphology during ongoing excavation. 
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 1 
Chapter 1: Introduction 
 
1.1 - Introduction 
This dissertation is, in a way, all about dirt.  Archaeologists have long recognized 
that dirt (whether soil or sediment) has value (e.g., Butzer 1960; Judson 1957; Olsen 
1959; Wright 1957), and yet, they are typically unaware of exactly how valuable it can be 
to archaeology (Butzer 1975; Stoops 2014).  These sediments and soils form the setting 
for human activities, and often comprise the materials used by humans.  This material is 
made or changed through natural and anthropogenic activities, and it is the material that 
can bury, preserve, or destroy archaeology.  Although these characteristics would seem to 
be obvious, the often-overlooked fact is that archaeologists can learn a great deal by 
studying these sediments and soils in detail.  The archaeological subdiscipline of 
geoarchaeology has been developed in order to fill this need (Butzer 1973).  A main 
methodology is micromorphology, and has been used with great success to tease out 
otherwise invisible data and processes from the archaeological record.  These data may 
be used to understand pedogenesis and the origin of sediments that formed a site, or they 
may be used to characterize, compare, and source the materials used to build.  These data 
can also reveal the processes that have affected the site after human activity ended, 
thereby determining how the archaeological remains may be used for interpretation.  
Although these studies are inherently performed at a high spatial resolution, the 
information gleaned can be used to answer some of the broadest questions currently 
vexing archaeologists.   
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In the case of this dissertation, the particular broad question is: what is the 
relationship between the Early Neolithic and Late Neolithic communities of the southern 
Levant?  Change is a constant feature of human society, but in this specific case there is a 
detrimental dearth of evidence to help archaeologists reconstruct the causes and 
consequences of change.  Archaeological remains from a transitional material culture 
group (ca. 8th and 7th millennia BCE) have been found, but they are scant and poorly 
preserved.  Therefore, to amend the first sentence, this dissertation is also about 
sociocultural change and continuity in the Levantine Neolithic.   
I connect these two different themes through a detailed micromorphological study 
of the site of Beisamoun Pond 11, in the Hula Valley of northern Israel (Figure 1.01).  
The site, which was only a portion of the larger Beisamoun complex, was occupied 
during the 8th to 7th millennia BCE and thus offers a rare view into this transition period.  
Excavations are ongoing, and artifact assemblages are still in the process of being studied 
and published, so our current reconstruction is necessarily incomplete.  In this 
dissertation, I use micromorphological data in combination with published results from 
the different Beisamoun projects to expand upon our understanding of the site.  The 
results allow me to draft a narrative of cultural continuity and social memory during a 
time of behavioral shifts, implying continuity between the Early Neolithic and the Late 
Neolithic.  I also examine the effect of post-depositional processes on the different strata.  
The results allow me to determine that the degree of preservation in the lower layers is 
much better than in the upper layers, and that caution must be taken when interpreting the 
artifact assemblages of the upper layers. 
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1.2 – Research topics 
 
1.2.1 – Continuity and change in the Neolithic 
The Neolithic period of the southern Levant has been intensively studied over the 
past century.  The studies typically focused upon the beginning of the Early Neolithic (or 
Pre-Pottery Neolithic, or PPN), a time when human societies in the region were 
undergoing significant shifts in settlement patterns, social organization, material culture, 
and symbolic systems.  Though fascinating and important, the Early Neolithic is only a 
portion of the whole Neolithic story.  The Early Neolithic comes to an apparent end at 
approximately 8,750 – 8,400 years ago, for reasons that are as of yet uncertain (Table 
1.1).  The Late Neolithic (or Pottery Neolithic, or PN) that follows is equally important, 
but is far less studied, for reasons that are explained in Chapter 2.  Furthermore, the trails 
of evidence concerning the origins of the Late Neolithic are as murky as those concerning 
the end of the Early Neolithic.  This obscurity is also true of the intermediate period, 
which was only first discerned in the late 1980s (e.g., Rollefson 1993; Rollefson and 
Köhler-Rollefson 1993).  So little is known of this period that archaeologists have had 
trouble constructing narratives of change and social development across this time span.  
Only a dozen or so sites have been found with contemporary phases, and these are spread 
across a wide area of the Levant.  Early analyses suggest that these sites have distinct 
material culture that demonstrate a blend of PPN and PN characteristics, while at the 
same time, key Early Neolithic social behaviors vanish (Khalaily 2009; Nadel and 
Nadler-Uziel 2011).  The naming of this period reflects our uncertainty about how it fits 
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into the wider context of the Neolithic; this intermediate is called both the Pre-Pottery 
Neolithic C (PPNC) and the Final Pre-Pottery Neolithic B (Final PPNB).  
 Transition and change are common themes in archaeological studies, and 
prehistory in particular.  Prehistorians seek to tell stories about their artifacts; change and 
transitions provide the beats in these stories and enable archaeologists to suggest origins 
and trace developments across time.  For as much as we study social change, however, 
we typically have a hard time defining precisely what we mean, and we have a hard time 
differentiating change from simple subtle variation.  As Clive Gamble says: “we think we 
know change when we see it” (2007:25), which is a problematic position, as it uses 
modern perspectives to artificially differentiate human societies that may not have 
viewed themselves as distinct (Finlayson and Warren 2010; Gamble 2007).  This 
tendency also promotes a sense of linear social development that may be inaccurate.  
Human behaviors are constantly shifting and changing, and not all of these continued on 
into later developments (Belfer-Cohen and Goring-Morris 2011).   
 I begin this dissertation with this conundrum in mind:  does the early PN represent 
a variation on already extant social processes and bonds, and thus signify the continuation 
of already ancient ideas into later periods?  Or does the PN mark a new social realm, and 
a discontinuity of practice with the older PPN?  If the latter case is true, then attempts to 
trace the origins of subsequent behavior back into the PPN (Frick 1997; Simmons and 
Najjar 2004) are inherently flawed.  I hypothesize that a version of the first option is 
correct; the PPNC/Final PPNB represents a continuity of PPN social values, even as the 
associated practices changed until they are no longer recognizable. 
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1.2.2 – Focusing in on Beisamoun Pond 11 
It is common practice in prehistoric archaeology to cast a wide net when 
collecting data for analysis.  Given the state of preservation, the few known sites, and the 
limited extent of many excavations, it is reasonable for archaeologists to seek 
comparative data from other sites from the same region or time period.  Although such 
comparative surveys are capable of providing impressive insights into past societies, they 
also risk oversimplification and a blending of the inherent variability found within a 
human settlement.  No two areas of a prehistoric site may be expected to be identical; no 
two sites will be, either.  In addition, uncertainty in dating and poor preservation means 
that comparative projects may be using data sets from sites that differ in age by centuries, 
and differ in space by many kilometers (Figure 1.02). 
Definitions of change and transition are more apt to be inaccurate as the data sets 
become averaged over time and space.  Subtle, and some not-so-subtle, variations in 
behavior, organization, and material culture may be missed or overlooked.  These 
variations may be equally important in recognizing social transformation, and their lack 
may render models and comparisons moot.  I hypothesize that I could alleviate this 
concern by focusing my attention solely on the data from a single site: Beisamoun, and 
the Pond 11 locale in particular.  Through the use of micromorphology, I demonstrate in 
high detail characteristics of both change and continuity.  My work is also able to create 
high-resolution characterizations of some of the construction materials used at the site of 
Pond 11, in particular brick, adobe, and plaster.  By using such a high-resolution 
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technique at this site, these results may be confidently added to the wider body of 
Neolithic data. 
 
1.2.3 – Preservation and the role of natural processes 
 A wide nexus of formation factors combine to create an archaeological site.  As 
expected, a great many are related to human activity; perhaps surprisingly, many other 
factors (e.g., bioturbation, sedimentation, and erosion) are not.  Natural processes create 
the landscape upon which a site was placed, and which contain resources and landforms 
that inform the decision making of the inhabitants of the site.  Perhaps most visibly, these 
processes may preserve a site, destroy a site, or do a combination of the two throughout 
the long abandonment.  The archaeological record is therefore a product of numerous 
natural processes and occurrences, and these must be determined and accounted for if one 
is to properly access and understand the recovered data (Goldberg and Macphail 2006; 
Rapp and Hill 1998; Renfrew 1976).   
The location of Beisamoun, situated between a steep slope and a fertile wetland, 
means that environmental and ecological issues have been particularly influential in the 
life, abandonment, and preservation of the site.  Modern landscape development and 
ongoing modern intensive agricultural and fish husbandry activity in the valley have 
further altered and damaged the ancient archaeological remains (e.g., Karmon 1960; 
Lechevallier 1978).  Even the act of opening the site up for excavation has encouraged 
plant and animal activity that further damages the site.  Evidence for poor preservation 
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and damage was apparent in the earliest seasons of excavation (i.e., in layers near the 
surface), but is harder for excavators to determine in lower layers.   
An archaeologist cannot properly interpret an artifact assemblage without 
understanding the context from which those artifacts come.  Micromorphology is 
therefore a perfect tool to use to analyze the contexts of the relevant assemblages and the 
strata from which they were recovered (Goldberg and Berna 2010).  I attempted to do this 
at Pond 11.  In so doing, I have determined parts of the site that are better preserved than 
others, and have indicated which assemblages may be more secure than others.  
 
1.3 – Significance of this dissertation 
 This dissertation is a case study of how an underutilized analytical tool may be 
used to help shed light one of the biggest problems of the Neolithic of southwest Asia.  
Through the collection and analysis of high-resolution data at a single site, I document 
the intensive use and reuse of a 8th – 7th millennium BCE site, and use it to argue for a 
gradual transition, with some PPN social practices surviving and morphing while others 
disappeared.  This dissertation provides key data for other archaeologists to use in larger 
surveys of the PPNC/Final PPNB world, and suggests a more nuanced view on change 
and transition in the Neolithic.  
 This dissertation is also one more in a string of recent projects demonstrating how 
micromorphology may be incorporated into an ongoing archaeological project (e.g., 
Arpin 2005; Mallol 2004; Matarazzo 2014; Wolff 2014).  In addition to characterizing 
artifacts and reconstructing a site, my work sets out to determine how preservation differs 
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in different strata.  This information may help other archaeologists accurately interpret 
their data, and may inform the methodologies used in future analysis.   
 
1.4 – Organization of the dissertation 
 Each of the following chapters expands upon or answers the questions and 
hypotheses listed above.  In Chapter 2, I present the archaeological record of the 
Neolithic of the southern Levant and expand upon the question of continuity and 
discontinuity between the Early Neolithic and the Late Neolithic.  I open with a brief 
review of Neolithic research, which includes a short discussion on how antiquated but 
entrenched terminology for the period is causing interpretive issues to modern 
archaeologists.  I then summarize the Neolithic period, focusing on a few specific 
characteristics (e.g., architecture, burial practices, construction materials) that are 
germane to the later discussions.  I present the major interpretations of the Neolithic 
period, and concentrate on the issues surrounding the poorly understood transition of the 
8th and 7th millennium BCE.   
 With Chapter 3, I focus my attention to the Hula Valley of northern Israel.  The 
valley has a long history of semi-isolated occupation, which has resulted in a rich and 
unique archaeological record.  There are also unique challenges for the interpretation of 
the archaeological record.  The ecological and environment of the valley are as much 
agents of preservation and change as the humans that have lived in the region.  I present 
the different lines of data that allow us to reconstruct the past environment and explain 
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the massive landscaping project of the mid-20th century that resulted in both the 
discovery and destruction of much of the Beisamoun site.   
 I focus on the site of Beisamoun itself in Chapter 4.  Beisamoun is an inclusive 
term for several Neolithic sites – Beisamoun, Beisamoun-West, and Beisamoun Pond 11 
(also called simply Pond 11) – on the western edge of the now-drained Hula Lake and 
wetlands.  The relationship between these sites has never been fully determined: it is 
unclear whether the sites were sequential over the course of many centuries, or if they 
overlapped somewhat.  Three major archaeological projects have occurred at ‘greater 
Beisamoun’ (hereafter used to refer to the entire complex of sites), and the results and 
interpretations of each of these projects are presented.  In this chapter I raise the specific 
questions concerning the reconstruction of the current excavation project at Pond 11.  
 I answer these questions through the use of micromorphology, a major 
methodology of geoarchaeology.  In Chapter 5, I provide a brief overview of 
geoarchaeology and micromorphology, and explain how they benefit the field of 
archaeology.  I describe my sampling methodology and the procedure involved in 
transforming the field samples into processed thin sections that are ready for analysis.  In 
this chapter, I explain the different features and characteristics that I use to interpret my 
samples, and define the various technical terms that I use regularly in the subsequent 
micromorphological analysis. 
 The results of these observations are presented in Chapter 6.  The chapter has 
been organized to limit unnecessary detail and length (as the complete 
micromorphological details are provided in the Appendices).  The results are presented at 
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increasing resolution from the general landscape into the best-preserved sector of Pond 
11 (Sector E).  Within Sector E, I present the data from the oldest stratum to the 
youngest, adding an in-depth discussion of construction materials and the survival of 
earlier walls in later phases. 
In Chapter 7, I draw a number of major conclusions from these data, and use them 
to support four main interpretations about Pond 11.  I propose that the earliest occupation 
at the site was built on an uneven paleosol derived from carbonatic lake and marsh 
sediments, and that the early phase of occupation was densely occupied, before shrinking 
in later periods.  I also propose a reconstruction for the use, abandonment, and reuse of a 
main structure in Pond 11, and define the different post-depositional processes that have 
affected preservation.  These interpretations are used to support a discussion on the 
continuity of certain social elements within the Pond 11 community throughout the 
PPNC/Final PPNB.  This discussion leads into conjecture about the nature of the PPN to 
PN transition in the wider Levant.  These conclusions are summarized in Chapter 8, 
where I expand upon the idea of change in the 7th millennium BCE, and highlight the 
importance of using well-defined data to determine theoretical models.  I conclude by 
presenting an argument for the wider inclusion of micromorphology in archaeological 
projects.   
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Figure 1.01 – The location of the Beisamoun in the Hula Valley of northern Israel.  The Hula Valley is 
circled with a dotted line, with the site of Greater Beisamoun circled in red.  The inset scale bar is 10 km.  
Images from GoogleEarth © Landsat. 
 12 
Fi
gu
re
 1
.0
2 
– 
Th
e 
lo
ca
tio
n 
of
 so
m
e 
of
 th
e 
im
po
rta
nt
 m
en
tio
ne
d 
in
 th
e 
te
xt
.  
Th
e 
H
ul
a 
V
al
le
y 
is
 m
ar
ke
d 
in
 re
d.
  
 13 
  
Approximate range 
(calibrated years BP) 
Approximate range 
(years BCE) Sociocultural 
Entities 
Range of onset Range of end Range of onset Range of end 
7,900–7,600 7,550–6,500 5,950–5,650 5,600–4,550 Wadi Rabah 
8,520–8,300 7,950–7,600 6,570–6,350 6,000–5,650 Early PN / Jericho IX / 
Yarmukian 
9,000–8,700 8,400–8,250 7,050–6,750 6,450–6,300 
Final 
PPNB/PPNC 
9,560–9,400 9,050–8,750 7,610–7,450 7,100–6,800 Late PPNB 
10,540–10,150 9,550–9,500 8,590–8,200 7,600–7,550 Middle PPNB 
10,750–10,500 10,150–10,100 8,800–8,550 8,200–8,150 Early PPNB 
12,100–11,600 10,750–10,500 10,150–9,650 8,800–8,550 PPNA 
13,740–12,950 11,600–11,450 11,790–1,100 9,650–9,500 Final Natufian 
Table 1.1 – Comparative dates of the major Neolithic entities.  The range of onset 
and end dates reflects the array of dates represented across different Neolithic sites.  
The dates are derived from: Aurenche et al. 2001; Banning 2007; Belfer-Cohen and 
Goring-Morris 2011; Maher et al. 2011; Taylor and Bar-Yosef 2014. 
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Chapter 2: The Early to Late Neolithic of the southern Levant 
 
2.1 – Introduction 
A significant amount of literature has been written about the definitions, 
impetuses, consequences, and relevance of the Near Eastern Neolithic.  This literature is 
comprised of over a century of research, both academic and amateur (some excellent 
syntheses and histories of research are found in: Bar-Yosef 1980; Braidwood 1972; Byrd 
2005; Kuijt and Goring-Morris 2002; Rollefson 2000; Simmons 2007; Twiss 2007).  If 
one were to try and determine a single common theme that runs through this entire body 
of literature, that theme would be ‘transition’.  The Neolithic, first and foremost, is 
considered a period of substantial transitions that affected all aspects of human life.  
Given the primacy and immense antiquity of the Near Eastern Neolithic, authors often 
apply global significance to these perceived transitions evidenced from the archaeological 
record.  This emphasis on pivotal transitions has resulted in the majority of research 
being focused on the beginning of the Neolithic, and the perceived behavioral shift from 
the Final Natufian societies.  Although this focus has led to a wealth of insight into the 
‘beginning’ of the Neolithic period, the corollary is that far less has been published about 
the later Neolithic societies.  
It is wrong to attribute this dearth of research solely to a lower interest in the 
period.  Rather, the paucity may be partly attributed to the small number of relevant sites 
that have been discovered.  In particular, few sites from the later periods were known in 
the mid-20th century, when the most influential models for the Neolithic were first 
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constructed.  Though these early models have been updated or superseded, they still have 
a strong effect on current thinking, not the least because these models determined the 
naming conventions that are still widely used.  However, recent interpretations have 
increasingly demonstrated what earlier authors could only suggest, that the Near Eastern 
Neolithic was neither a unified nor a linear transitional event, but rather a collection of 
developments and regional variation, which spread back and forth across Southwest Asia 
(Anderson 1956; Asouti 2006; Flannery 1973; Kozłowski 1999; Watkins 2008a).  As 
with much of archaeology, it is only the luxury of a deep time-scale that allows us to craft 
a story of linear development, and thus discerning a singular root cause and path of 
progress is both impossible, and potential problematic.  
The new data have added detail and nuance to the archaeological record, and have 
demonstrated that there are numerous noteworthy changes in material culture ca. 8th to 
the early 7th millennium BCE.  These changes have been labeled the ‘end’ of the Early 
Neolithic and the ‘start’ of the Late Neolithic.  Although these shifts are framed as an 
important transition within the Neolithic, there are so few data from which to create a 
narrative sequence that many questions remain.   
The goal of this chapter is to provide context for these issues.  This chapter will 
begin with a detailed definition of the Neolithic period and the underlying ‘neolithization’ 
processes.  To do this, I will present a brief history of research, and explain how the 
definitions of the Neolithic have shifted over the past century.  As will be explained, the 
general history of Neolithic research is tightly bound to the archaeological developments 
of the Near East, and thus I will provide a brief overview of the important sites and works 
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that helped shape the interpretive framework of Neolithic research (see Figure 1.02).  
Following this, the chapter will present an overview of the material culture patterns of the 
end of the Early Neolithic through to the start of the Late Neolithic, highlighting those 
data that represent the transitions from one to the next, and exposing gaps in our 
knowledge.  I will briefly discuss how the new data challenge older definitions of the 
Neolithic, and explain the need for more data, which will be addressed by my 
micromorphological work at Beisamoun Pond 11. 
 
2.2 – Creating the “Neolithic”  
Researchers have been using the term Neolithic in reference to a prehistoric 
period of human activity for over a century, though the original usage was quite different 
than the current one, and was first used in conjunction with European prehistory (e.g, de 
Mortillet 1885:18–19; Lubbock 1872:2–3).  European researchers quickly adopted the 
term to more global usage as they learned of ancient Near Eastern civilizations, which 
strongly piqued their interests.  Researchers began to put significant effort into the 
ancient past of the Near East, spurred on by competition between the colonial states, as 
well as a framework of 19th-century social evolution and belief that Europeans were the 
inheritors of the social and cultural developments of these civilizations (Daniel 1975; 
Wright 1971).   
It was during this early period of research that the term ‘Neolithic’ became 
associated with the transition of human groups to food-production.  While the importance 
of such a behavioral shift had been recognized long before (e.g. de Mortillet 1885:576), it 
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was only later that ‘Neolithic’ became widely used for this period (e.g., Brown 1893; 
Jones 1903:88; Read 1902:69).  It was also widely accepted that the Neolithic differed in 
timing and nature from region to region (Read 1902).  Yet despite being well known, 
little work was done on the actual process of ‘neolithization’ until the pioneering research 
of British archaeologist V. Gordon Childe (Braidwood 1972:310).     
 
2.2.1 – Childe’s “Revolution” (Neolithic research up to WWII) 
Childe was initially interested in finding the origins of the Indo-European groups 
that populated Europe, but was drawn towards understanding the economic shifts that 
surrounded food production (Childe 1925, 1958:69–71; see also Gamble 2007:10–16).  
These pursuits led Childe to look at Southwest Asia and northeastern Africa for the 
origins of the Neolithic, both because the environment of the regions fit his models and 
because these areas contained the earliest known examples of state societies.  As early as 
the late 19th century, researchers had been exploring the possibility that modern cultivars 
had Near Eastern origins (e.g., de Candolle 1885; Watkins 1933).  It was from these 
studies that Childe developed the concept that the Neolithic was a “revolution”: a brief 
and transformative moment of social, cultural, and economic change.  Although Childe 
would later come to see the Neolithic Revolution as a process rather than a single event 
(1951:83), the terminology stuck.   
Within the original model, human and animal populations were pushed towards 
natural oases and rich alluvial plains as the surrounding environment became harsher.  
The proximity of the two enabled humans to learn to control animal and plant species 
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(Childe 1929, 1936, 1942).  It was a matter of debate whether such a similar occurrence 
took place at other times and places, or whether all later states and “civilizations” were 
derived and defused from a single original example (e.g. Heine-Geldern 1956).  While 
later evidence contradict the elements of Childe’s models (and those of the researchers 
espousing diffusionist models), the idea of a ‘Neolithic Revolution’ found purchase with 
the archaeological community, and has significantly shaped the way the Neolithic has 
since been studied and conceptualized (Simmons, 2007; Wright 1971; for a critical view, 
see, Gamble 2007:12–24 and citations within).   
The archaeology that Childe used to reach these conclusions came from a number 
of sites throughout the Near East, but these Neolithic layers were almost always 
excavated as a fortunate accident.  Neolithic deposits were rarely sought after themselves, 
but were rather found in deep trenches below large tell sites (Braidwood 1972).  An 
interesting exception was the groundbreaking Paleolithic and Epipaleolithic work of 
Dorothy Garrod whose research on prehistoric sites throughout the southern Levant 
would lead to the discovery of the Natufian culture that immediately developed into the 
Neolithic farming and village cultures of the southern Levant (Garrod 1932). 
Even more troublesome for many researchers was that among the known sites 
with Neolithic phases there was little consistency of material culture.  As the excavators 
of one such site (Tell Arpachiya, Iraq) lamented: “It is, indeed, a fact that nowhere in 
Babylonia, Assyria, or Iran has there yet been discovered a site which may correctly be 
described as Neolithic” (Mallowan and Cruikshank Rose 1935:104).  Some researchers, 
particularly the amateur archaeologists writing for the public, felt that this inconsistency 
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rendered the term ‘Neolithic’ meaningless.  For example, antiquarian and amateur 
archaeologist Colonel C. R. Conder believed that the term held no value for the Near 
East, as “instruments of stone and of flint are found at all levels in the excavations, and 
are contemporary with others of bronze and iron” (1909:39), and although this claim was 
strongly opposed in reviews, no specific counter evidence was offered (Saturday Review 
of Politics, Literature, Science and Art, 7 August 1909:172).  From a modern perspective, 
I would propose that a great deal of this inconsistency was a consequence of a general 
lack of concern for recording stratigraphic and contextual information in the early era of 
archaeology.  
 
2.2.2 – The Neolithic post-WWII 
 It was only after World War II that archaeologists, inspired to prove or disprove 
Childe’s work, set out to examine these early village and farming cultures themselves.  
Sites were opened, reopened, or reexamined across Southwestern Asia; Jarmo (Iraq), 
Jericho (Palestine), Megiddo (Israel), and Tell Hassuna (Iraq) were just a few of the many 
examples (Braidwood and Braidwood 1950; Kenyon 1957a; Lloyd et al. 1945).  Soon 
researchers recognized that the earliest of these sites were found not within oases, as 
Childe hypothesized, but rather within the peripheral “hilly flanks” of Western Asia 
(Braidwood and Braidwood 1950:190; Braidwood 1960).  These hills laid within the area 
known as the “Fertile Crescent”, a term coined several decades prior to describe the 
crescent shaped cultivable fringe running between the desert and the mountains (Breasted 
1916:101).  Soon thereafter, archaeologists were beginning to find more sites outside of 
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the expected zones, prompting them to move away from the Hilly Flanks/Fertile Crescent 
fringe zone and towards the region as a whole (Braidwood 1972; Kozłowski and 
Aurenche 2005). 
New methodologies and updated models were developed to create and incorporate 
data from these new areas and environments (for a review, see Bar-Yosef and Meadow 
1995; Watson 1995; Zeder 2009).  Such models were predominantly focused upon 
understanding the how and why of village life and food production: how knowledge of 
cultivation practices spread, where the various domesticated species originated, and what 
environmental pressures necessitated or encouraged sedentism and food production 
(Binford 1968; Colledge 2001; Flannery 1969; Sherratt 1997; van Zeist and Wright 
1963). 
The Near East became recognized as having the earliest and most intensely 
studied example of the ‘neolithization’ process, and was quickly adopted as a testing 
ground for models of political, socio-cultural, and economic change and the go-to 
comparison for other Neolithic periods around the world (e.g., Flannery 1972; Sauer 
1952).  The archaeology for these models typically relied on overarching surveys of the 
region, with comparative data often being culled from sites far apart in both time and 
space.  This practice is neither uncommon nor discouraged for longue durée 
archaeological sequences, and is often the only way to find patterns in an ancient dataset 
with numerous gaps.  That being said, such studies had both positive and negative 
consequences for the continued study of Near Eastern Neolithic.  While these studies 
contributed an immense amount of literature to many aspects of the Neolithic, they also 
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had a tendency to smooth out inconsistencies and local variations, and led to a 
(sometimes improper) codification of characteristics for the Neolithic.  These models 
inspire many new questions, but often fail to be flexible enough to account for new, 
localized idiosyncrasies in the archaeological record.  The rigidity of characterization 
serves to over emphasize the rapidity of change, meaning that transformations appear 
more sudden and dramatic than what may have actually occurred. 
 
2.3 – Traditional divisions of the Levantine Neolithic 
While archaeologists developed these larger models, other archaeologists 
attempted to compare, differentiate, and date the archaeological collections of the early 
farming and village sites.  The results tended to rather complicate what was once 
perceived as a simple and seamless transition from the Epipaleolithic to the Neolithic 
(Kenyon 1956:184).  One particularly problematic feature was the presence or absence of 
ceramic.  Ceramic was considered a key feature of the European Neolithic and present in 
a number of Neolithic sites throughout the Near East.  Yet early archaeologists were 
surprised to find that a number of Neolithic layers were altogether lacking in ceramic.  
The earliest such non-discovery of ceramic (and most important for later terminology) 
was by two successive teams at the site of Jericho, the first led by John Garstang 
(Garstang and Garstang 1940) and later led by Dame Kathleen Kenyon (1956).   
Kenyon’s work at Jericho was a vital component of the modern conception of the 
Near Eastern Neolithic.  For some years she and fellow archaeologist Robert Braidwood 
(co-director of Jarmo, Iraq) had maintained a good-natured public rivalry over whose site 
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and area of research (Levant versus Mesopotamia) represented the earliest incipient 
village and agricultural site.  As the technique of radiocarbon dating was developed and 
applied (Wheeler 1956; Zeuner 1956:195–197), it became increasingly clear that Jericho 
was the earlier of the two (a fact that Braidwood begrudgingly accepted, 1957).  More 
astonishing than the age (8th millennium BCE), was the sheer volume of Neolithic 
deposits, with meters of layers from the aceramic phases situated below meters of 
ceramic Neolithic materials.  Kenyon designated these phases the “pre-Pottery Neolithic” 
and “Pottery Neolithic” (Kenyon 1956). 
The archaeology described by the Jericho team was at the time unique among 
known Neolithic sites.  There were at least twenty successive PPN domestic layers, with 
two distinct material culture phases.  The earlier phase (called by Kenyon the “hog-back 
brick phase” for the shape of their bricks, 1956:188) typically had small, rounded, semi-
subterranean structures of brick and wattle.  This occupation was surrounded by a free-
standing wall and a rock-cut ditch containing a several meter tall tower with a central 
staircase, completely unlike anything previously discovered (Bar-Yosef 1986; Kenyon 
1956, 1957a, 1981).   
This early phase was overlain by a much thicker PPN phase, which Kenyon 
designated the “plaster floor phase”.  The architecture consisted overwhelmingly of large, 
rectilinear, multi-cellular structures made of brick, and were coated along the floors and 
walls with a highly burnished pink or cream-colored plaster.  Courtyards abutted the 
entrances to the buildings, and it was in these open spaces that hearths were found.  These 
layers were replete with bowls and dishes of limestone and stone, grinding stones and 
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tools, and numerous flint items that were characteristic of other Levantine Neolithic sites.  
Deposited within these layers was evidence for previously unknown burial practices, 
including the caching of crania and the creation of plastered crania (Kenyon 1956, 1957a, 
1981).  These elements have since been found at numerous other PPN sites, and have 
become one of the most discussed features of the Near Eastern Neolithic (Arensburg and 
Hershkovitz 1989; Bienert 1991; Bonogofsky 2002, 2004, 2006; Goren et al. 2001; 
Hershkovitz et al. 1995; Kuijt 2008; Wright 1988).  A thick fill was above these PPN 
layers, followed by further Neolithic occupations, but this time containing a ceramic 
assemblage.  These PN layers were initially divided into two material culture groups 
based upon morphology – the PNA that had red-on-cream decorations, and the PNB that 
resembled examples from other Neolithic sites such as Yarmuk and Byblos (Kenyon 
1957b).  The Jericho researchers were intrigued by the thick fill between the PPN and PN 
layers, and were quite certain that the PPN and PN split represented a gap.  In Kenyon’s 
words: “there is a complete break between the pre-pottery phase and that of the first 
Neolithic pottery” (1957b:83) (emphasis in the original).  
The archaeology being recovered from Jericho shared some features with 
materials from other Levantine Neolithic sites that were being excavated in the early to 
mid-20th century, such as Byblos, Hassuna, Jarmo, Mersin, Ras Shamra, Sha’ar HaGolan, 
and Yarmouk (Braidwood and Braidwood 1950; Braidwood et al. 1944; Kenyon 1956).  
The comparisons prompted Kenyon to suggest a rough chronological sequence for the 
Levantine Neolithic: following the end of the Natufian, there was a PPNA and PPNB, 
then a gap during which the PPN practices were abandoned, and finally a PNA and a 
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PNB.  After this, the cultures of the region gradually shifted into Chalcolithic and Early 
Bronze Age societies (Kenyon 1956, 1957b). 
The cultural sequence developed by Kenyon had an enormous impact upon the 
study of the Neolithic.  As new sites and data were discovered, they were placed into the 
Levantine sequence derived from the Jericho sequence.  Surprisingly, these data actually 
introduced a number of internal inconsistencies and locally specific data into the record.  
20th century political and economic issues affected research, resulting in huge swaths of 
the Levant being relatively unexplored, whereas other parts of the Levant were intensely 
surveyed and excavated.  These new data came from a wide area (including Mesopotamia 
and Anatolia) and across a long time scale (many millennia), with extensive regional and 
chronological gaps.  These data had the result of complicating attempts to model the 
Neolithic from a regional perspective and causing researchers to smooth over local 
variations. 
 
2.4 – Fine tuning the Neolithic sequence of the Levant 
Hundreds of Neolithic surveys and excavations have taken place in the southern 
Levant since the mid-20th century.  These have highlighted the intense regionalism of the 
time period; despite overarching similarities throughout Southwest Asia, different locales 
had distinct archaeological assemblages (Asouti 2006; Gebel 2004a; Kozłowski and 
Aurenche 2005; Rollefson 2004; Rollefson and Gebel 2004).  Archaeologists have sought 
to tweak the Neolithic sequence of Kenyon in order to adapt to variation in material, most 
typically lithic typologies and architectural changes.  Several archaeologists have 
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attempted to create wholly new naming systems for the time period, mostly based upon 
new groupings of radiocarbon dates and material culture (Aurenche et al. 1987, 2001; 
Watkins 2013), but in the end, systems based on Kenyon’s sequence have proven to be 
the most tenacious (Table 2.1).  As I will discuss below, I am in agreement with Watkins 
(2013) that Kenyon’s naming conventions have limited relevance to modern Neolithic 
research, particularly to those periods that I am concerned with in this dissertation.  That 
being said, the aforementioned persistence and widespread usage of this system 
(particularly by non-Levantine specialists and popular historians) makes them a necessary 
part of any Neolithic discussion, and will therefore be used throughout this dissertation. 
Period Kenyon ASPRO Watkins 
Levantine 
Sociocultural 
Entities 
Early Chalcolithic   Period 3  
Late Neolithic 
 
PNB  
Period 4 
Wadi Rabah 
PNA Period 6 Yarmukian / Jericho IX  
(Transition) 
PPNB 
Period 4 / 5 Period 5 
Final PPNB / PPNC / 
Early PN 
Early Neolithic 
Late PPNB 
Period 3 Period 6 
Middle PPNB 
Early PPNB 
PPNA Period 2 Period 7 Khiamian/Sultanian 
Epipaleolithic Natufian Period 1 Period 8 Final Natufian 
Table 2.1 - Comparison of several different chronological schemes for the Near 
Eastern Neolithic (after Aurenche et al. 2001; Kenyon 1956, 1981; Watkins 2013).  
This table is not an exhaustive list of the ways that the Neolithic has been divided 
(see, for example: Kozlowski 1999). 
 26 
2.4.1 – Archaeology of the Early Neolithic 
 
The Natufian and Pre-Pottery Neolithic A (PPNA) 
 A number of the behavioral elements that are commonly thought of as being 
Neolithic (e.g., sedentism, plant and animal domestication) can actually be traced back 
millennia earlier (Belfer-Cohen and Goring-Morris 2011; Goring-Morris and Belfer-
Cohen 2011).  By the late Natufian (see Tables 1.1 and 2.1), communities throughout the 
Levant were practicing degrees of sedentism and food production, resulting in 
archaeological sites that reveal both regional and site-level variation of material culture.  
The archaeology also displays overarching behaviors were trending towards the social 
and economic forms that define the Early Neolithic (Belfer-Cohen et al. 2000).  Recent 
interpretations suggest that the Natufian represents the first development of communal 
identity, in which people had their community as a point of reference for their sense of 
themselves, in addition to aspects of their individual private identities.  These new focal 
points for identity added new stresses that would result in the development of new 
avenues for creativity and new social constructions to regulate tensions (for review, see 
Belfer-Cohen 1995; Belfer-Cohen and Goring-Morris, 2011:S212–S213; Belfer-Cohen 
and Hovers 2005; Bocquentin and Bar-Yosef 2004). 
 These communal variations would develop into the earliest Neolithic framework, 
known as the PPNA.  During this brief period, the regionalism of the Natufian became 
even more pronounced as different portions of the Levant (and Cyprus) exhibited 
population growth and social development at wholly different rates and forms.  Storage 
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granaries for the containment of both domesticated and non-domesticated grain have 
been found (Kuijt and Finlayson 2009), and lithic studies have shown an increase in 
compound sickle fragments for cereal farming (Ibáñez et al. 2007).  Drills and drilled 
beads for personal adornment, already known from the Natufian, increase in frequency 
(González-Urquijo et al. 2013). 
Goring-Morris (1991) hypothesized that the PPNA represents the result of 
Natufian populations adapting to the Younger Dryas environmental changes.  Sites are 
typically small, ranging from semi-permanent campsites to small (up to ~ 2.5 ha) 
permanent village sites.  Architecturally, the structures are semi-subterranean ovals, 
constructed of local raw materials, typically with a stone foundation and earthen floors 
and walls.  As highlighted previously in the discussion of Jericho, there are also 
infrequent large-scale architectural features, though these are more common in the 
northern Levant and Anatolia, most notably the enigmatic non-domestic site of Göbekli 
Tepe, Turkey (Schmidt 2001, 2008).  The people who inhabited these dwellings are 
thought to have been organized around nuclear family units grouped into extended kin 
groups, as demonstrated by the ‘privatization’ of food serving dishes into domestic 
structures (Rosenberg 2008:29).   
In many ways, the PPNA of the southern Levant is much more of a continuation 
of the Natufian than an entirely new cultural phase.  Some researchers critique even this 
degree of interpretive separation between the foraging Natufian peoples and the nascent 
farmers of the PPN.  They claim that the farmer versus forager dichotomy is a modern 
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construction based on our own dependence on, and therefore implied importance of, 
farming (Finlayson and Warren 2010).  
 The PPNA cultures gave way to the diverse communities of the long-lasting 
PPNB, at roughly the same time as the start on an environmentally favorable period 
known as the Early Holocene Climatic Optimum (Byrd 2005).  The PPNB is considered 
the hallmark of the Early Neolithic, even though it is in fact highly varied and changes 
greatly over its two millennia.  The PPNB is also the most studied portion of the 
Neolithic and has been written about extensively (Banning 1998; Bar-Yosef 1980; Bar-
Yosef and Meadow 1995; Belfer-Cohen and Goring-Morris 2011; Byrd 2005; Rollefson 
1989; Simmons 2007); this vast amount of literature will be only briefly summarized for 
those points germane to the present dissertation. 
 
The Early and Middle Pre-Pottery Neolithic B (EPPNB and MPPNB) 
 The PPNB is frequently divided into four periods:  the Early (EPPNB), Middle 
(MPPNB), Late (LPPNB), and Final PPNB/PPNC.  The last period is often considered 
separate from the PPNB (hence the PPNC designation), and will be discussed in depth in 
the following section (Section 2.4.2).  The earliest phase, the EPPNB, is predominantly 
interpreted as a transitional phase from the PPNA into the PPNB, with the most 
noticeable shift being the gradual adoption of rectilinear building shapes (Goring-Morris 
and Belfer-Cohen 1997; Kuijt 1997; Simmons 2007).  It is during the MPPNB that a true 
supra-regional PPNB system first emerged and developed (Figure 2.01), often called the 
PPNB interaction sphere (Bar-Yosef and Belfer-Cohen 1989), or PPNB koine (Rollefson
 29 
 
Figure 2.01 – General extent of the PPNB koine (after Asouti 2006; Bar-Yosef 2001) 
 
and Gebel 2004; Rollefson 1989).  The PPNB koine system (Figure 2.01) encompassed 
broad similarities in economic, construction, and symbolic practices, although on the 
local levels there was still a variety in how these traits were presented or incorporated 
into specific communities (Asouti 2006; Watkins 2008a). 
 Village communities supported by the farming and collecting of both 
domesticated and non-domesticated plants grew common.  The variety of species present 
in assemblages is quite widespread, suggesting that experimentation upon local 
cultivation traditions were more probably than a central ‘Neolithic’ plant economy 
(Asouti and Fuller 2012; Fuller et al. 2012).  The animal economy reflects a growing 
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dependence upon herd animals instead of hunted animals.  The degree to which these 
herds were maintained and kept is under debate (Marom and Bar-Oz 2009; Wasse 2002).   
The architecture at the more permanent sites tended towards rectilinear structures, 
typically of materials reflecting local availabilities, but also reflecting the variability of 
local building traditions (Aurenche 1981; Banning 2003; Byrd et al. 2000; Goring-Morris 
and Belfer-Cohen 2008).  Many of these rectilinear structures in the Levant developed 
interior divisions and partial walls or masonry ‘piers’, leading them to be called ‘pier-
houses’ (Banning 2003).  In much of the southern Levant, these structures were built as 
stone foundations with earthen walls of loam or mud (Banning 2003; Biçakçi 2003; 
Düring 2006; Goring-Morris and Belfer-Cohen 2008; Kenyon 1981).  Roofs are thought 
to have been of similar construction built around a wooden beam frame, though plant 
roofs are also a possibility.  It should be noted that there are very few examples of 
preserved roof collapse (Figure 2.02) from which to draw conclusions (Balbo et al. 2012, 
and citations within).   
The origins of these construction practices are still relatively unknown.  Despite 
the deep association of Neolithic architecture to these materials (Biçakçi 2003; Cauvin 
2000a; Schmandt-Besserat 1977), these materials have rarely been the focus of attention.  
This lack of attention seems surprising, both because of their ubiquity in the 
archaeological record, and because of their perceived importance (for an excellent 
review, see: Love 2012, and citations within).  Several archaeologists have made the 
claim that it was the invention of mudbricks that enable the architectural shifts to 
rectilinear structures, and thus enabled all of the concomitant social changes (Biçakçi 
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Figure 2.02 – Neolithic construction.  A) Houses built of mudbrick walls and plaster floors at 
Tell Halula, northern Levant (Syria).  Photograph by Borrell et al. 2014: 8.  DOI: 
10.1371/journal.pone.0134810.g006.  B) Collapsed and burned roof beams from PPNB Tell 
Qarassa (Syria).  Photograph by Balbo et al. 2012:5.   DOI:10.1371/journal.pone.0042109.g003.  
Creative Commons Attribution (CC BY 4.0) license.   
 
2003; Saidel 1993).  Certainly the material had an effect on the lives of the Neolithic 
peoples, if for no other reason that it required repeated maintenance and upkeep (Banning 
2003).  This point will be returned to later in the chapter.  It is often overlooked that the 
people who were making these bricks were actively making choices, both economic and 
social about materials, methods, and designs (Boivin 2004; Lemmonier 1986).  The 
construction of brick and earthen structures, therefore, is a fertile area for future Neolithic 
research (and will be touched on again in Chapters 5, 6, and 7). 
Another material that typifies the Neolithic is plaster.  Plaster (almost exclusively 
lime within the Levant, but mud or gypsum elsewhere) became prevalent for usage in 
floors and walls, and was occasionally decorated or colored.  Unlike brick, much has 
been written about the role of plaster in PPNB society, both culturally and economically 
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(Anderson et al. 2014; Arpin 2005; Garfinkel 1987; Goren and Goldberg 1991; Goren 
and Goring-Morris 2008; Gourdin and Kingery 1975; Karkanas 2007; Kingery et al. 
1988; Matthews et al. 1996).  Though a comprehensive study of the materiality of PPNB 
plaster would be a welcome addition to the literature, our current understanding is that 
plaster occupied more than a mundane place in the PPNB world.  The frequency and 
ubiquity of plaster use, as well as its association with mobile objects and cultic objects 
(e.g., remodeled crania and sculptures) all suggest a material with strong symbolic value 
(Belfer-Cohen and Goring-Morris 2002; Goring-Morris and Belfer-Cohen 2002).   
In addition to domestic structures, authors have noted a rise in non-residential 
architecture, in the form of small walls, large platforms, and non-domestic buildings.  
These buildings were thought to be communal spaces or loci for symbolic activities 
(Byrd 1994; Kuijt and Goring-Morris 2002).  There is some evidence for the purposeful 
filling in and reconstruction of buildings, such as at Qermez Dere, Iraq, which is thought 
to indicate attempts to symbolically close and renew a structure (Watkins 1990).  No 
aspect of the MPPNB (or the LPPNB, below) is more famous and discussed in the 
literature than the wide variety of mortuary activities, including (but not limited to): 
subfloor burial, skull caching (Figure 2.03), and cranial remodeling (e.g., Bienhart 1991; 
Bonogofsky 2006; Cornwall 1981; Goring-Morris 2000; Hershkovitz and Gopher 1990; 
Kuijt and Goring-Morris 2002; Verhoeven 2002a).  Though these are ‘hallmarks’ of the 
MPPNB and LPPNB, traces of these mortuary practices may be found much earlier.  The 
association of burials with architecture may be traced to the Final Natufian, for example, 
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Figure 2.03 – Burials and architecture.  A) Area I of MPPNB Yiftahel (Israel), showing a thick 
plaster floor of Building B.  Many of the pits in the floor were sites of human burials.  Photograph 
from Slon et al. 2014:2.  DOI:10.1371/journal.pone.0089242.g001.  B) Three plastered crania in 
situ from Yiftahel (arrow).  Shell fragments may be seen in the right orbital cavity of the middle 
cranium.  These were found in an open area in front of a structure with many subfloor burials.  
These remains are characteristic of the PPN and highlight both the varied mortuary behaviors, but 
also the relationship between burials, plaster, and structures.  Photograph from Slon et al. 2014:1. 
DOI:10.1371/journal.pone.0089242.g002.  Creative Commons Attribution (CC BY 4.0) 
license.   
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at the site of ‘Ain Mallaha, in the Hula Valley (Boyd 1995; Rollefson et al. 1998; Valla et 
al. 2001, 2007). 
 Researchers conjecture that the growth and spread of the PPNB communities 
signal changes to the social fabric of the individuals who lived within them.  The 
increasing density and size of many of the communities would have required new 
institutions and symbolic systems to navigate the new social territory.  There are 
indications that settlement space was becoming slightly separated by activity, with  
domestic and cultic activities occupying different spaces within a site (e.g., Byrd 1994).  
Many authors suggest that it is during this time that ideas of having ‘a home’ began to 
develop, with people attaching themselves to a specific location (Banning 2003; Watkins 
1990; Watkins and Scarre 2004).  Others note the widespread use of similar mortuary 
practices as a form of codification of a PPN worldview and symbolic system (e.g., 
Verhoeven 2002a, 2002b; Watkins 2002). 
 
The Late Pre-Pottery Neolithic B (LPPNB) 
During the LPPNB a number of sites in the Jordanian Highlands east of the Rift 
Valley achieved a new level of growth, swelling in size (up to 12 ha in some cases) and 
incorporated new architectural designs that enabled an increased population density, such 
as multi-floor structures and inter-building corridors (Gebel 2006).  Most of these 
‘megasites’ developed in the southern Jordanian Highlands (e.g., Baja), and were built as 
new sites in the early Late PPNB, without apparent MPPNB basal layers (Rollefson and 
Kafafi 2007).  In contrast, the only three known megasites from the northern Highlands – 
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‘Ain Ghazal, Wadi Shu’eib, and Tell Abu Sawwan – appear to have been developed from 
pre-existing MPPNB layers (Al-Nahar 2010; Rollefson et al.1992; Simmons et al. 2001). 
Theories of why megasites developed are typically multivariate.  Archaeologists 
often cite a combination of changing environmental conditions that encouraged 
migration, and the emerging social tensions from population growth that spurred social 
and cultural developments (Goring-Morris and Belfer-Cohen 2011; Goring-Morris et al. 
2009).  As the populations grew, the north-south distribution of sites would have served 
as central nodes for the distribution of goods and ideas, and new technologies and 
practices developed to both increase efficient use of diminishing resources and to help 
group cohesion (Banning 2003; Gebel 2004b; Goring-Morris and Belfer-Cohen 2011; 
Goring-Morris et al. 2009; Kuijt 2000; Simmons 2007).   
Large sites also started or grew from older sites outside of the Jordanian 
Highlands, particularly in the Rift Valley and north of the Dead Sea; these include both 
Jericho and Beisamoun (Kenyon 1981; Lechevallier 1978).  These northern and western 
sites are considered separate from the megasite phenomenon, as they lack the densities 
and homogeneity of the Jordanian Highlands sites (Goring-Morris et al. 2009:215).  
Smaller, more densely located settlements are common in the valleys and hills west of the 
Rift Valley, such as Abu Gosh and Yiftahel, and up into the Lebanese coastlands, such as 
Byblos and Ras Shamra (Dunand 1973; Lechevallier 1978; Rollefson 1989).   
Whereas architecture and social organization appear varied in the LPPNB, other 
aspects of LPPNB life exhibit more standardization.  Lithic technologies were strongly 
dependent upon bipolar naviform cores and straight blade technology.  These were used 
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as the base for sickles, knives, and the increasingly stylized projectile points (Banning 
1998; Gopher 1994; Quintero and Wilke 1995).  Pastoralism became increasingly 
common; new species of herd animals (in particular sheep and cattle) were heavily 
represented with clearer indications of herd management and culling (Vigne 2011).   
Burial practices known from the MPPNB continued, though with increased 
variation, both in arrangement, placement, and inclusions.  For example, seated burials in 
cloth bundles are noted from Tell Halula in Syria (Ortiz et al. 2014).  There are also 
examples of faunal remains and rare grave goods being found with burials (Kuijt and 
Goring-Morris 2002).  Despite the variation, mortuary practices are one of the 
fundamental characteristics of the Levantine MPPNB and LPPNB. 
As noted for the MPPNB, there is an increased interrelationship between ritual 
activities and architecture, with architecture being both used for, and sometimes designed 
for, ritual activity.  Contemporary occupations in Anatolia provide an extreme case study.  
In Anatolia, this interweaving of architecture and symbolic activity takes the form of 
repetitive maintenance and rebuilding of structures.  At Çatalhöyük for example, some 
structures reveal season reapplication of plaster, every year, for decades of use.  Some 
structures show hundreds of reapplications.  Even more remarkable is the disinterment of 
buried decorations from earlier phases to be reused is precisely the same location in the 
newest iteration of a structure (Hodder 2007).  The repeated maintenance of these 
‘ancestral houses’ is thought to have worked to order, organize, and regulate the social 
life of the inhabitants.  At the same time, symbolism and social meaning would be 
metaphorically embedded into the structure (Cutting 2005, 2006; Düring 2005; Hodder 
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2006, 2007; Hodder and Cessford 2004; Watkins 2004; Watkins and Scarre 2004).  In 
this way, as people maintained and reconstructed their houses, they would be reinvesting 
energy into their social system (for an intentional version of this phenomenon, see Buchli 
2002a).  Even more important to the current discussion is that these repeated activities 
would also serve to connect people to their built environment, anchoring them (or in the 
case of plaster, literally cementing them) to their community or home.  As buildings 
survive longer than people, this anchoring effect could be multi-generational, providing a 
“social momentum” that helped community cohesion (Banning 2002:307-309; Düring 
2005:8).  Though the Levant has no examples that match the intensity of Anatolian sites 
such as Çatalhöyük, there are numerous sites that have been interpreted as demonstrating 
this same behavior (Banning and Byrd 1987; Hodder 2007).  For example, floor 
replasterings are well attested at the southern Levantine sites of ‘Ain Ghazal (Banning 
2003), Jericho (Kenyon 1981), and Beidha (Kirkbride 1966).  The combined evidence for 
ritual activity within PPN structures and the clear concern for return and renewal has led 
some authors to argue that: “we should seriously consider the possibility that Neolithic 
houses were sacred spaces” (Banning 2003:19).  Though the social messages and 
meanings may have been site or region specific, the symbolic and technological 
‘language’ that the PPN people used to express this worldview of ‘sacred house spaces’ 
was spread across the whole of the Levant. 
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2.4.2 – The Final Pre-Pottery Neolithic B / PPNC 
 The Late PPNB supra-regional system came to an end around 7,100 – 6,800 BCE.  
At this time the trajectories of the northern and southern Levant separated somewhat (for 
discussion, see Belfer-Cohen and Goring-Morris 2013), with the northern Levant 
showing a significantly smoother transition to the PN than in the southern Levant.  A 
number of sites in the northern Levant show early ceramic layers situated conformably 
above those of the aceramic layers, while in the southern Levant a somewhat more 
dramatic transition appears to have occurred.  A number of the large southern sites were 
apparently abandoned, including the megasites of Jordan.  For example, the sites of Abu 
Gosh, Beidha, and Jericho were abandoned, whereas Tell Ramad and other sites around 
Damascus continued to thrive (de Contenson 1971, 1993; Kenyon 1981; Kirkbride 1966; 
Lechevallier 1978).  When new sites were founded, or old sites were reoccupied, a 
number of characteristically PPNB practices were missing from the archaeological 
record, most noticeably the mortuary practices of skull removal (Rollefson 1993; 
Rollefson and Köhler-Rollefson 1993).     
Our conception of the end of the LPPNB has been strongly colored by the history 
of research.  As noted above, Kenyon described a large gap between the aceramic and 
ceramic yielding layers of Jericho.  The difference between the two material cultures led 
to the interpretation that there was a significant abandonment between the two periods, 
with most regions being heavily depopulated. Other researchers picked up this idea of a 
gap between ceramic wielding Neolithic populations and aceramic population as the 
Kenyon sequence became popularized.  Further supporting this idea of abandonment was 
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the fact that very few sites were found with both PPN and PN layers to help clarify this 
issue.  This period of abandonment became known as the ‘hiatus palestinien’, whereas 
occupation in sites in the north continued relatively unabated (Kenyon 1957b; Moore 
1985; Perrot 1968).  The hiatus has had a strong influence on later work, and continues to 
appear in popular accounts of the Neolithic, although further research has discounted the 
idea of a clean break and has chipped away at the ‘hiatus’ in evidence (Kadowaki 2012). 
The first major challenge to this model came from a salvage excavation at the site 
of ‘Ain Ghazal in the early 1980s.  To the surprise of the excavators, they discovered a 
transitional phase post-dating the LPPNB, which they named the PPNC (Rollefson 1993).  
The PPNC phase was identified and differentiated through lithic typologies (particularly 
debitage patterns), evidence for a change from a farm-based economy to one based 
heavily on wild and kept animals, and architecture that differed both from Late PPNB 
and early PN examples.  This layer was dated from 6010±75 to 5720±100 BCE 
(uncalibrated) (Rollefson 1993; Rollefson et al. 1992).  Unfortunately, the PPNC layers 
were built into the LPPNB layer, destroying the contact between the two; the excavators 
did, however, note several examples of re-use of standing structures (Rollefson and 
Köhler-Rollefson 1993).   
Soon, other PPNC layers were discovered at Jordanian sites, and shortly 
thereafter, similar phases were being found west of the Jordan.  Presently, these phases 
have been found across the Levant, but unfortunately only at a small number of sites.  
The material culture diversity at these sites is large, adding many data but little clarity to 
the period.  As more sites were found, the interpreted relationship between this period 
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and the preceding and succeeding periods grew more complicated, and debate began as to 
whether this period actually represented a final stage of the PPNB, rather than something 
wholly separate (Kuijt and Goring-Morris 2002).  For this reason, it is also often referred 
to as the Final PPNB.  Though the two are often used interchangeably, I will keep using 
the term PPNC.   
The nature of the PPNC remains ones of the major questions about the Near 
Eastern Neolithic.  As the LPPNB became better known, explanations were sought to 
explain the “collapse” or “devolution”, as the dramatic end to the long-standing PPN 
entity was called (Rollefson 1996).  Researchers have proposed factors including natural 
environmental and ecological change, declining farming yields and overexploitation of 
resources, social stresses from demographic pressures or disease, and inter-community 
tension; the truth is likely a combination of the above (Goring-Morris and Belfer-Cohen 
2010; Köhler-Rollefson 1988; Rollefson and Köhler-Rollefson 1989; Ullah 2013).   
The limited archaeology from the PPNC reveals sites growing smaller after the 
increased density of the LPPNB (Kuijt and Goring-Morris 2002).  Structures also became 
smaller, and the use of plaster for floors decreased as well (Kuijt and Goring-Morris 
2002; Rollefson et al. 1992).  Authors have claimed that the quality of this plaster had 
diminished as well.  Instead of fully calcined lime floors, they claim, the floors were now 
mixed with marls, crushed chalk, and gravel, similar to the ‘huwwar’ plaster common in 
modern Jordanian construction (Banning 2010; Kuijt and Goring-Morris 2002; Rollefson 
1996).  While I do not argue that many of the PPNC surfaces used this construction 
technique, I caution against this interpretation of ‘poor quality’ on two grounds.  First, it 
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overinflates the use of fully calcined plaster in the PPN (as demonstrated by Goren and 
Goldberg 1991), and second, that a determination of ‘quality’ is inherently culturally 
dependent.  Other construction materials such as brick are poorly preserved, but appear to 
be of local construction (Kuijt and Goring-Morris 2002:415).   
Mortuary practices are variable.  An isolated skull and mandible were recovered 
below pier-house C2 at ‘Ain Ghazal, but other signs of skull removal (as in the PPNB) 
are extremely rare.  Sub-floor burials are also known from ‘Ain Ghazal, though these are 
all secondary.  Boar tusks and bones have been found associated with burials (Kuijt and 
Goring-Morris 2002; Rollefson 1998; Rollefson and Köhler-Rollefson 1993).   
Our knowledge of PPNC burials was given an incredible boon with the fortuitous 
discovery of the submerged site of Atlit Yam off of the Israeli coast (Galili and 
Weinstein-Evron 1985; Galili et al. 1993, 2002, 2005).  Excavations reveal numerous 
graves placed without markers but in association to walls and hearths, demonstrating the 
continued relationship of burials and architecture.  These burials lack any sign of skull 
treatment, and while a few isolated skulls have been found, their deposition has been 
hypothesized to relate to site-formation factors.  Of note is that several of the bones 
revealed charring; the excavators do not think this is purposeful, but rather attribute this 
burning to the proximity of burials to the hearths on the surface (Galili et al. 2005:14).  
At no PPNC site are there any indications of the plastering of crania. 
Economic evidence demonstrates both change and continuity.  Domesticated 
caprines dominate the faunal assemblage at ‘Ain Ghazal, and pig bones make up a much 
larger percentage of the assemblage than in the PPNB (Bar-Yosef and Meadow 2005; 
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Wasse 1997).  Yiftahel cattle assemblages have been used to argue for the keeping of 
herds for milk in addition to meat (Horowitz and Lernau 2003).  On the other hand, lithic 
evidence suggests some continuity.  Projectile points are found in similar proportions to 
those of the PPN, though smaller forms are common.  Blade forms became less regular 
and less common in the assemblages, and toolkits were more similar to subsequent PN 
forms (Rollefson 1993).  An examination of the lithic assemblage at Tel Roim West (in 
the Hula Valley) revealed no significant differences between the PPN, PPNC, or PN 
assemblages.  As the authors writes: “the general homogeneity and technological 
continuity of the flint industries is in apparent contrast to changes in architecture, floor 
plastering and the production of pottery” (Nadel and Nadler 2011:253).  In contrast, a 
multi-site survey of PPN and PN lithic assemblages reveals a significant difference 
between the two, leading the author to claim: “there is no continuity in the lithic tradition 
and therefore no reason to name the lithic industries after the PPNB period as ‘Pre-
Pottery’” (Khalaily 2009:187). 
The PPNC is therefore enigmatic.  The archaeology reveals that though several 
elements of the PPNB continue in locally specific ways, for all intents and purposes the 
pan-regional structures of the PPNB had ended (Gopher and Gophna 1993; Nissen 1993; 
Siggers et al. 1994).  Unfortunately, a significant percentage of Neolithic research stops 
with this boundary as well.  As mentioned previously, this is reflective of the dominant 
focus of Neolithic research being the advent of food production.  What research has been 
done, however, reveals the subsequent PN Levant to have been a landscape rich in 
complex and varied Neolithic communities.  These PN communities would come to lay 
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the foundations for more complex societies and urban developments that of the next 
several millennia (Ben-Shlomo and Garfinkel 2009; Garfinkel 2010; Gopher and Gophna 
1993). 
 
2.4.3 – Archaeology of the Pottery Neolithic  
 Work on PN sites was occurring in the early to mid-20th century at the same time 
as the work on PPN sites.  By mid-century, archaeologists had defined at least two 
groupings of material culture: the Yarmukian culture and the later Wadi Rabah culture 
(Gopher and Gophna 1993:298).  These periods became incorporated into the PNA and 
PNB framework developed at Jericho, but both sets of terms are used with frequency.  
The Yarmukian was first described at the site of Sha’ar Hagolan, and is often cited as the 
earliest ceramic in the region (Stekelis 1950, 1972), though this was a point of contention 
similar to the Kenyon and Braidwood ‘earliest town’ competition (Gopher and Gophna 
1993).  It has since been shown that ceramic had long-existed by this period, with 
potential examples dating to the MPPNB (Biton et al. 2014).  Despite the weak presence 
of ceramic in earlier contexts, it was not until the early PN that there appears to have been 
a significant ceramic industry and an intensified social interaction with ceramics.  Many 
interpretations have been proffered about the significance of pottery, including 
considerations the materiality of pottery and the relationship to social needs in the light of 
the end of the PPNB (Gopher and Gophna 1995; Orrelle et al. 2000).   
 Ceramic was just one aspect of the complicated PN period.  Following the trends 
of the preceding period, the PN was actually several geographically and temporally 
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bound material culture groups (see Simmons 2007:199–200).  Multiple factors have also 
conspired to make this period more difficult to understand; intense material culture 
variation combined with few radiocarbon dates, a limited number of excavations, and 
large areas of unexamined Levantine territory are all contributors (Banning 2002:150).  
Original conceptions of this period are flavored by the hiatus interpretations: e.g., the PN 
was a deterioration of the Neolithic, lesser peoples moving in after the abandonment of 
the classic Neolithic communities.  Certainly, this picture no longer holds up with the 
new evidence: the PN communities are highly complex, though they do show some stark 
contrasts to PPN communities. Lithic industries continued PPNC traditions, something 
upon which both Nadel and Nadler (2011:253) and Khalaily (2009) agree, though 
Khalaily argues that the two are still distinct (but related) industries (2009:187–188). 
Architecture varied but often consisted of large, rectangular buildings of mud or 
loam construction built atop stone foundations.  While plaster coatings of lime were 
common, they were significantly less frequent than during the PPNB (Banning 2003).  
Several large sites grew to have with tightly packed, multi-tiered structures, particularly 
in the northern Levant and Anatolia (e.g., Çatalhöyük), whereas in the southern Levant 
there were frequently less-dense constructions, such as courtyard houses with streets and 
alleys running between them, as seen at Yarmukian period Sha’ar Hagolan (Garfinkel 
2010).  Many sites are smaller, and described as hamlets in the literature – the same term 
used to describe the small, dispersed settlements from the far earlier Natufian – PPNA 
(e.g., Goring-Morris and Belfer-Cohen 2008:240; Kuijt 2000:94; Kuijt and Chesson 
2002:110).  Similarly, whereas repetitive construction and rebuilding of structures 
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continued in Anatolia, this is much less well attested in the PN.  There was also a rise in 
communal buildings or features at PN sites.  A communally located well was found at 
Sha’ar Hagolan, a feature that was only rarely found before – at two PPNB sites on 
Cyprus (Kissonerga-Mylouthkia and Shillourocambous) and at submerged Atlit Yam – 
and not before this far inland (Galili and Nir 1993; Garfinkel et al. 2006; Peltenburg et al. 
2000). 
Economy was significantly altered in the PN, with fewer signs of farming than in 
the PPNB.  These economic activities did not cease, but their imprint on the 
archaeological record was minimized.  The archaeological record shows a high number 
of domesticated fauna: sheep, goats, cattle, and pig; wild fauna are present in low 
amounts (Rollefson 1996).  Domesticated plants are also found in abundance, but with 
fewer species than in the PPNB (Simmons 2007).  Some authors feel the higher 
percentage of caprine fauna represents a growing pastoral system, with herding becoming 
a predominant activity for people (Köhler-Rollefson 1992; Levy 1983).  Simmons 
(2007:214) describes the PN economy as being an incipient form of the basic 
Mediterranean agrosystem.  This system, in which people simultaneously managed 
outfield grains, infield small gardens, and nearby herds of animals, would become 
standard throughout the region in following periods (Butzer 1996).  Some PN sites show 
signs of being resource-specific sites, such as Umm Dabaghiyah in Iraq, which appears to 
have a specialized economy centered upon onager hunting, processing, and leather 
tanning (Kirkbride 1975, 1982). 
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 Mortuary practices by this point are significantly different than their PPNB 
predecessors.  Unfortunately, few burials are known from the earliest PN in the Levant.  
The infrequency of burial finds is in itself a significant departure from PPNB systems in 
which burials often happened in association with structures or below floors, and burial 
assemblages range from the dozens to hundreds, whereas in Yarmukian assemblages the 
number of burials from a site is often single digits (Garfinkel et al. 2004).  What is 
apparent is that there is great variation both within a single site and between sites.  
Practices such as skull removal have completely ended, though new forms, such as jar 
burials (interment within ceramic jars) for infants and young children are found 
(Eisenberg et al. 2001; Eshed 2010; Orrelle 2008).  By the middle of the 7th millennium 
BCE the earliest outdoor cemeteries (separate from domestic areas) are found at Tell el-
Kerkh in the northern Levant and become more common by the 6th millennium BCE, 
such as at the submerged Wadi Rabah site of Neve Yam, off the coast if Israel (Galili et 
al. 2009; Tsuneki 2011).  Cremations are common at Tell el-Kerkh (Figure 2.04); of note, 
many of these cremations are found within constructed cremation pits, which appear to 
have been used multiple-times, some of them even building up layers of ash and bone 
fragments (Tsuneki 2011:84).  In contrast, only one fragment of charred human remains 
had been found at Neve Yam; these were not interpreted as evidence for purposeful 
cremation at the site (Galili et al. 2009).    
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Figure 2.04 – Cremation pit C-6 (containing human remains) from Tell el-Kerkh.  Note the burnt clay and 
mud walls (contrast against the walls Burial 338 in Figure 6.36).  The cremation pits at Tell el-Kerkh were 
apparently used repeatedly, building up layers of ash. Photograph from Tsuneki et al. 2011:90.  Used with 
permission. 
 
2.5 – Redefining the Early to Late Neolithic transition 
 The Near Eastern Neolithic lasted for several millennia and is neither easily 
summarized nor distilled into a single process or path.  The different lines of data 
presented above demonstrate that the Neolithic was a time of not just one transition  
(foraging to food production), but of many transitions, each following different tracks and 
taking different amounts of time.  Numerous changes occurred, touching on economy, 
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social-cohesion and cultural frameworks, ritual systems, and technological innovations.  
With this in mind, many archaeologists have attempted to redefine the term Neolithic to 
better encapsulate the range and source of the changes during these important millennia.  
The literature is vast, and these span the spectrum between broadly theoretical but data-
light models to those that are data-driven but small-scale in scope (for discussion, see: 
Simmons 2007:28-29; Smith 2001). 
 Some of the most-recent interpretations treat the Neolithic not only as a change 
from food gathering to food production, but rather a more subtle and yet fundamental 
change in the human relationship with their landscape.  In these interpretations, human 
communities learned that their surroundings were adaptable to their needs in a more 
intensive way than their predecessors.  These people saw their environment as altogether 
malleable, which led to both new innovations and more efficient and intensive 
developments of older technologies (e.g., intensive plaster usage).  Food production 
developed as a byproduct of this new relationship between people and their surroundings 
(e.g., Cauvin 2000a, 2000b).  These models follow the concepts laid down by Wilson 
(1988), in which the human species ‘domesticates itself’ through the processes of 
sedentism, fundamentally changing human perception of their world.   
 There are critiques to this model, particularly as they can tend to reduce foragers 
to being ‘less-human’ than food producers (Finlayson and Warren 2010), something 
explicitly suggested by authors such as Watkins (2010).  Also problematic is the fact that 
the actual mechanisms behind these changes are more abstract than models centered on 
push or pull factors, making it harder to support these propositions with clear evidence.  
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Some feel that these post-processual models are too light on evidence, possibly for that 
very reason (Simmons 2007).   
 Despite these issues, an adapted form of the “symbolic revolution” (Cauvin 
2000a, 2000b) is perhaps the best-fitting model, as it has the space to comfortably 
incorporate the many changes to human behavior outside the specific realm of food 
production.  Many of the other characteristic elements of Neolithic material culture, such 
as plaster production, structure building and renewal, the wide adoption of ceramic and 
different forms of community organization, all speak to a change in how humans 
conceived of their place in their environment.   
Thus, archaeologists find themselves in the position where our language and 
terminology for the Neolithic are not particularly well suited for the wealth of new data 
and the variety that these data represent.  This problem is not unique to the Neolithic, as 
every broad naming convention will have trouble handling the details.  However, the 
Neolithic has a special added problem in that it is a period named for a specific process, 
which arguably began before the Neolithic even started, and may not have been perceived 
as a major change to the people living during the time.  By accepting the post-processual 
(or, to paraphrase Simmons 2007:29, an “advanced processual”) approach that the 
Neolithic is better defined as a period of human reconceptualization of their own place 
within their landscape, the relevance of the larger Neolithic comes into focus.   
By refocusing our definition of the Neolithic, the PN is no longer a secondary 
aspect of the transition, stuck between the development of farming and the later 
development of proto-urbanism and metal craft.  Rather, it is a long-term change in 
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human attitudes and perceptions, pushed and enabled by environment, climate, 
advantageous or disadvantageous inter-community contact, and a host of other variables.  
It may also have been an inevitable outcome of the processes and activities of the PPN 
(e.g., Ullah 2013).   
The Early to Late Neolithic transition then deserves far more attention.  
Archaeologists must however use caution with their interpretations.  As some authors 
have keenly pointed out, it is important to remember that these Neolithic developments 
were multifaceted and nonlinear, and many developments were not ultimately significant 
to later human societies, at least as we would value them.  It is only in retrospect that we 
can claim a linear development of ideas and technologies (Belfer-Cohen and Goring-
Morris 2011).     
 
2.6 – Specific issues in the archaeology of the 7th millennium BCE 
Several issues are to be drawn from the above summaries that are worth further 
discussion.  These issues will be addressed in the upcoming chapters.  As mentioned, the 
advent of the PPN and the connected transition to food production, have been well 
researched.  There is much less known about the PPNC, however, even though multiple 
lines of evidence display changes in Neolithic life at this time.  The evidence also 
demonstrates significant differences between sites, and between regions.  Unfortunately, 
the lack of data is very damaging here.  There are too few sites that have a PPNC phase to 
demonstrate what life was like to those undergoing these changes.   
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Change is a difficult concept.  It has been strongly argued that material culture 
reflects the values and ideas of the societies and cultures that produced them (e.g., 
Lemmonier 1986; Tilly 1999), implying that it is reasonable to look at changing 
archaeological assemblages in the 7th millennium BCE as changes in the Neolithic 
peoples of the time.  It is therefore important to recall Clive Gamble’s warning (2007:25).  
A changing archaeological record is not automatically equivalent to a changing 
worldview.  This uncertainty is even more warranted when the changing material culture 
culls data from sites across a wide expanse and across time.  To assess a changing 
worldview, then, we as archaeologists need to see a material culture change in proper 
context – at a single site over time.   
The micromorphological work presented in this dissertation attempts to address 
this need of finding context for change.  In the following chapter I present the Hula 
Valley, a semi-enclosed area in northern Israel that contained an unusually high number 
of sites with phases dating to the LPPNB, PPNC, or Early PN.  This information creates a 
context for the most expansive of these sites, Beisamoun, where my research takes place.  
The history of research at Beisamoun is discussed in Chapter 4. 
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Chapter 3 – The different contexts of Beisamoun within the Hula Valley 
 
3.1 – Introduction 
The previous chapter explored how the material culture remains of the Neolithic 
may be interpreted as periods of both change and stability.  Major questions remain about 
the PPNC: how to interpret it, what caused it, and what was life like for those lived 
during this time?  As the dissertation slowly focuses in on the case study of Beisamoun 
Pond 11, we must pause to consider the different contexts of this site. 
Context is the key to archaeology.  It is at the heart of our methodologies and data 
collection, and it guides our research plans interpretations.  There are multiple scales of 
context that must be considered when interpreting a site, and the archaeological remains 
found within.  For example, a reconstruction of Beisamoun Pond 11 requires knowledge 
of the contexts of the recovered assemblages.  Interpreting Pond 11 requires knowledge 
of the context of its place within greater Beisamoun, and the wider context of the material 
culture systems of the time.  Interpreting the growth of Pond 11 and the lives of the 
people who inhabited it also requires an understanding of the landscape in which it 
existed.  
In this chapter, I set out to examine three of these scales of context: the natural 
landscape surrounding the people of Beisamoun, the climate and ecology that supported 
them, and the anthropogenic landscape comprised of the other occupations in the Hula 
Valley.  I will begin by presenting the Hula Valley as it currently exists, describing the 
basic geology, hydrology, climate, and ecology of the area.  I will then briefly summarize 
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the geological and sedimentological history of the basin, followed by an outline of its 
soils.  The millennia proceeding and during the Neolithic experienced several potentially 
important climatic and ecological changes; these changes and their potential relationship 
to the changing Neolithic will be described.   
Following this description, I will present a brief history of the Neolithic 
occupation of the wider Hula Valley, in order to craft a fuller picture of Neolithic 
Beisamoun.  The chapter will end with a concise discussion of the modern history of the 
Hula Valley, including the recent drainage project that led to the discovery (and 
destruction) of so much of the Hula archaeology.  The impact of this drainage project will 
become clear as the archaeology and micromorphology of Pond 11 are presented in 
subsequent chapters.   
 
3.2 – The Hula Valley 
  Generally speaking, the Hula Valley is the northern portion of the Jordan Valley, 
which is part of the same system that forms the Dead Sea, Red Sea, and East African rift 
system (Figure 3.01).  The basin is ~ 25 km long (north to south), ~ 6-8 km wide (east-
west), and covers ~ 177 km2.  The basin as a whole is about 70-80 m asl, with a high 
point at the rise in its northern edge of about 400 m asl (Mart 1991; Picard 1943; Shtober 
2010).  The complex geological formation and development of this basin are important 
factors that enabled it to be favorable for human settlement, and for recording 
environmental changes throughout the occupation of the basin.   
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Figure 3.01 – The Hula Valley at the time of the drainage project.  Known 7th millennium BCE sites are 
shown in red.  The Jordan River and its main tributaries are shown in blue.  The black box is the 10 km2 
area described in Figure 3.02 and Table 3.1.  Note the steep topography of the Naftali Mountains just west 
of Beisamoun.  Map after Bocquentin, Khalaily et al. 2014:7. 
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 The Hula Valley is situated between the Golan Heights to the east – a series of 
almost sixty volcanic cones and numerous basalt fields (Shulman et al. 2004) – and the 
steep Naftali Mountain range to the west.  The latter is composed of large limestone 
ridges of typically Cretaceous age (though some Jurassic age exposures are known) and 
various lithologies (Sneh and Weinberger 2006; Shtober Zisu et al. 2003).  Both the 
Golan and Naftali ranges slope steeply into the Hula Valley, which serve as source of 
slope materials into the basin itself.  The nearer of the two ranges to Beisamoun, the 
Naftali, slopes at 30-60% and exhibits numerous sharp gullies that allow for alluviation 
and drainage into the basin.  These drainage basins are associated with the formation of 
alluvial fans along the valley edges and bottoms and have distributed sedimentary 
material into the Hula Valley for millennia (Shtober Zisu et al. 2003). 
 The climate in the Hula Valley is typical Mediterranean, with hot, dry summers 
and cooler, wet winters.  The mountains on either side of the valley affect the climate, 
leading to extreme seasonal and daily temperature fluctuations, and creating a partial rain 
shadow over the whole Jordan Valley (Vaks et al. 2003:183).  Maxima and minima 
temperatures can range from 40 °C and 18 °C in the summer, and 20 °C and 0 °C in the 
winter (Tsipris and Meron 1998).  Wind speeds may also vary dramatically, fluctuating 
from no wind to strong winds throughout a single day (personal experience).  Rainfall 
varies through the valley, with the southern portion getting an average of <400 mm a 
year, and the northern portion getting as much as 800 mm per year.  In the mountains 
themselves, precipitation can be higher, reaching >900 mm per year (Hambright and 
Zohary 1998; Samuels et al. 2009; Tsipris and Meron 1998). 
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 The current hydrology of the Hula Valley is very different from the natural 
hydrological systems that used to exist, due to the intensive management of the now-
artificial wetland and lake (discussed in Section 3.5.2).  The majority of the water coming 
into the basin comes via the Jordan River, fed by three principle tributaries: Nahal Dan, 
Nahal Senir, and Nahal Hermon.  These tributaries are fed by springs at the southern and 
western slopes of Mt. Hermon, a 2814 m high anticline in the Golan, which furnishes 
several hundred million m3 of water into the basin every year (Comair et al. 2012; Gur et 
al. 2003; Israel Water Authority 2010; Simpson and Carmi 1983). 
Currently, these waters are directed into two artificial channels on either side of 
the valley, with over 90 km of smaller canals moving water throughout the valley.  In 
addition to the human management of the water inputs, a new nature reserve and artificial 
lake exist within the lower Hula Valley: the Hula Nature Reserve, and Lake Agmon, 
respectively.  These features were designed to manage water levels, correct some of the 
earlier damage done to the valley ecosystem, and to promote eco-tourism and recreation 
among the farming communities in the area (Hambright and Zohary 1998).  These 
changes have in turn greatly impacted the archaeology of the Hula (discussed below).  
 
3.2.1 – Geology of the Hula 
Until approximately 35 – 40 mya, the Tethys Sea submerged the local carbonatic 
bedrock of the present day Levant, separating the African and Asian continents 
(Horowitz 1973).  The Tethys Sea slowly retreated, depositing thick layers of marine 
limestone and chalks, which were being mildly folded as they were deposited 
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Figure 3.02 – Geological map of the Beisamoun area.  The map shows current exposed formations within a 
10 km2 area around greater Beisamoun (Beisamoun, Beisamoun Pond 11, and Beisamoun West).   The 
formation symbols, lithologies, and relative ages are explained in Table 3.1.  Also shown are the 
reconstructed wetlands (see Section 3.5.2), Tell Te’o (Section 3.4.1), and the network of modern roads and 
drainage calls (orange and blue lines, respectively) that crisscross the valley.  Map is after Sneh and 
Weinberger 2006, 2014 © Geological Society of Israel.  
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Formation Name  
(Oldest to Youngest 
Map 
Symbol Age Stage Lithology 
Alluvium, colluvium, 
soil Al 
Holocene Clay, gravel, sand 
Mallaha Qm Peat 
Recent Fan Qf Gravel 
Terrace conglomerate Qc Pleistocene Gravel 
Hazor-Gadot Qzg Chalk, conglomerate 
Mishash, Ghareb, and 
Taqiye KTmgt 
Upper Cretaceous / Paleocene Chalk, chert, clay, marl 
Menuha Kum Upper 
Cretaceous 
Senonian Chalk 
Bina Kub Turonian Limestone 
Sakhnin Kusa Cenomanian Dolomite 
Deir Hanna Kudr / Kudk 
Chalk, chert, dolomite, 
limestone 
Kamon Klkam Lower Cretaceous 
Albian Dolomite, limestone 
Table 3.1 – Exposed geological formations and lithologies present within 10 km2 of greater 
Beisamoun.  Based on: Sneh and Weinberger 2006, 2014.  Note the dominance of calcareous 
lithologies surrounding the Beisamoun site, all of which may be have been useful to the inhabitants 
(e.g., chalk and chert).   
 
(Horowitz 1973; Picard 1943).  As the sea receded, a drainage system developed within 
what is modern-day northern Israel, feeding waters towards the retreating Tethys.  This 
region acted as a vast peneplain; over time, rivers and water channels formed deep 
canyons, cutting through the limestone deposits and revealing older layers and bedrock 
(Figure 3.02 and Table 3.1).  The original Hula basin was one such tributary of this 
system (Horowitz 1973).   
 A period of volcanic activity during the Plio-Pleistocene deposited a large amount 
of basalt into the paleo-Hula (Horowitz 1973).  The ages of these flows has been debated 
(see discussion in Mor 1993), but from between 5 mya to 0.8 mya tens of meters of basalt 
accumulated (Heimann and Braun 2000; Heimann and Ron 1987; Sneh and Weinberger 
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2004).  These basalts so completely filled the original Hula basin that it was no longer a 
base level for erosion.  The lack of sedimentary deposits from this period highlights this 
change of relief and base-level elevation (Horowitz 1973). 
The stability of the basaltic cover was relatively short-lived.  The region is 
situated upon the transform fault between the African and Arabian plates, known as the 
Dead Sea Rift or Transform, and is subject to frequent seismic disturbance.  A series of 
smaller faults, in particular several N-S deep lateral strike-slip faults, are located in the 
immediate area of the Hula (Garfunkel et al. 1981; Heimann and Ron 1987; Sneh 1996).  
A period of intense tectonic activity towards the end of the Pleistocene created the current 
Jordan Valley pull-apart system; this is noted by the displacement of 25 – 30 kya 
travertine in the northeast corner of the Hula (Zilberman et al. 2000).  Uplift was 
occurring simultaneously, creating smaller rhomb shaped grabens in the pull-apart 
system, including the modern Hula (Ben-Avraham et al. 2005; Heimann and Ron 1987; 
Picard 1963; Rybakov et al. 2003; ten Brink and Ben-Avraham 1989).  This period of 
seismic activity would continue into the early Holocene, with at least two magnitude 7 
earthquakes dating between 12 kya and 6 kya, which would have been felt by the people 
of Beisamoun (Zilberman et al. 2000).  As the system expanded and uplift continued, the 
Hula basin subsided.  Gravitational depth measurements indicate that the Hula basin is 
currently ~ 4 km deep, and the current rate of surface subsidence ranges between 5 and 
10 mm per year (Kafri et al. 1983; Rybakov et al. 2003).  
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3.2.2 – Sediments of the Hula 
As the Hula itself subsided, the blocks to the immediate east and west were 
uplifted, creating the Golan Heights and Naftali Mountains, and producing the steep faces 
that exist today (Shulman et al. 2004; Shtober Zisu et al. 2003).  These steep faces 
allowed for increased sedimentation of the surrounding rocks into the basin as it 
continued to subside (Horowitz 2001).  Sediments coming from the Golan to the east 
consist of basaltic and pyroclastic rocks, containing many scoraceous cinder ashes, 
volcanic clasts, and basaltic tuffs.  Heavy minerals (e.g., augite, olivine, and plagioclase) 
are common throughout the flows, and spread into the wider valley with erosion.  
Sediments coming from the western Naftali Mountains are comprised of dolomite, 
limestone, chert, and chalk (Glikson 1966; Shtober-Zisu et al. 2003; Singer 2007; Sneh 
and Weinberg 2003, 2004, 2006). 
The sediments found within the valley reflect the varied depositional sources 
nearby.  A geomorphological survey of the Naftali Mountains north of Beisamoun 
revealed at least 31 semi-parallel channels that spread out into alluvial fans into the lake 
basin (Shtober-Zisu et al. 2003).  Coring and OSL dating performed on these deposits 
note a sequence of interfingering fluvial carbonates (called by the author Q4) and red 
clays from the Naftali (called Q5) occurring during the last 10 kya (Shtober-Zisu et al. 
2003, 2008).  These will be discussed further in Chapter 4.  Though no such 
geomorphological survey has been conducted in the immediate area of Beisamoun, I 
follow the conclusion of Shtober (2010) that the patterns exhibited north of the site are 
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comparable to the situation in the immediate area; in essence, I expect the area of 
Beisamoun to sit on a repeating sequence of slope and lake sediments. 
The waters emptying into the subsiding valley developed into fens and 
swampland, and a lake formed in the center of the valley (Dimentman et al. 1992; 
Heimann et al. 2009).  The lake further deposited sediment around the valley.  These lake 
sediments were primarily allochthonous materials that were brought in through the 
various drainage channels and water sources, with variations over time in relation to 
changes in the local climate.  As such, lake sediments from around the valley varied, 
reflecting the local geologies.   
The base sediments of the lake system are predominantly chalky conglomerates of 
the Pleistocene Hazor-Gadot Formation, as well as some basalt near the eastern shore.  
Covering these chalky materials are typically muds, silts, and organic materials, rich in 
calcium carbonate.  Additional elements such as mollusk shells, gravels, pebbles, and 
sand are often found, particularly near the mouths of fast running streams along the 
eastern and southwestern shores (Dimentman et al. 1992; Horowitz 1978).  Satellite 
images of the area still show a relatively sharp boundary between sediments around the 
border of the lake, which appear to be the likely edge of the paleo-lake. 
 
3.2.3 – Soils of the Hula 
  The soils of these regions are distinct, because of the marked contrast in parent 
materials between the east and west side of the valley.  Thus the different soils provide 
evidence for different sediment sources across the Hula.  Along the eastern margins of 
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the Hula, the soils are formed on basaltic parent materials.  These soils primarily consist 
of vertisols, lithosols, and black and red Mediterranean soils (Singer 2007).  Basaltic 
vertisols make up the majority of the plateau level soils.  These soils are characterized by 
clay contents exceeding 50%, with minimal differentiation in the profile.  These soils 
have deep vertical cracks produced by seasonal wetting and drying, which are significant 
for archaeology as they result in mechanical turbation and movement of archaeological 
materials (Singer 2007).   
 In general, basaltic soils have very low lime content, and the lime that is present 
tends to come either from poor drainage conditions or from foreign sources.  
Phosphorous content tends to be high, though typically of a form unavailable to plants; 
these soils are typically nutrient poor without the addition of phosphorous-rich fertilizer 
(Singer 2007).  In addition to the aforementioned clays, these soils can often have a great 
deal of quartz grains in the silt fraction, which is likely the result of aeolian deposition.  
Following from this, a larger concentration of quartz within the soils indicates a long 
period of deposition (Singer 2007). 
The soils formed on the Naftali Mountains to the west, on the other hand, are very 
localized and are linked to the distinctive type of calcareous parent material on which 
they formed.  For example, terra rossa soils dominate on hard limestone and dolomite 
rocks.  Rendzina soils (typically pale) are found on chalks and marls, whereas brown 
rendzinas are found on softer lime or Nari crusts.  Many of these soils often are found 
mixed or grading laterally, a result of the lateral variability of bedrock (Singer 2007). 
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Whereas the formation of terra rossa soils is a matter of some debate (see 
discussion in Singer 2007:102), their association with calcareous parent materials in 
Mediterranean climates is well documented.  The particular clay minerals that comprise 
the finer fraction, as well as the form of iron oxides that give the soils their characteristic 
ruddiness, vary depending on locality (Ravikovitch et al. 1960; Singer 2007).  Terra 
rossa soil is often stony and full of grains of limestone, limiting its potential for 
agricultural use; the stoniness also interferes with root growth.  Terracing was often 
employed to overcome these shortfalls.  Terra rossa soil is often used in modern times in 
pastures and afforestation, such as orchards (Singer 2007). 
Rendzinas are most commonly found on softer and more porous calcareous parent 
materials, such as chalks, marls, and some tuffs.  These soils are formed in through the 
breaking down of calcareous material and the leaching and transportation of minerals 
through the porous parent material.  The usage of these soils often depends on their 
depth, but in general these rendzinas are useful for pasture and afforested areas, 
particularly for crops with a high tolerance for calcium carbonate, such as almond trees 
(Singer 2007).   
Within the center of the valley, a rich field of peat and organic soils formed from 
the large amounts of organic material present in the wetlands (Figure 3.03).  The peats 
formed from the slow decomposition of organic material in the anaerobic conditions of 
the wetlands (Litaor et al. 2011/2012).  Early soil studies in the Hula separated the soils 
into two groups, peats and muck, depending on their organic matter content.  These peat 
soils were later further subdivided on the basis of their pH, revealing neutral layers with 
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gypsum and calcium carbonate, and mid to high acidity peats with gypsum but lacking 
calcium carbonate.  In addition to pure peats there are several variations of organic soils 
that developed from the diverse combinations of deposited mineral material and organic 
matter; these soils are typically rich in clay and carbonates.  They have been studied 
closely in the hopes of using them commercially for fertilizers and fuels (see discussion 
in Litaor et al. 2011/2012:2–5). 
Surrounding the peat fields of the central basin are several flavors of rich red, 
brown, or grey vertic soils and soils derived from combinations of alluvium and 
colluvium (Figure 3.03).  A 1970 soil survey of the Hula region described the soils in the 
immediate area of Beisamoun as “hydromorphic grumusols [=vertisols] and grumusolic 
gley” and “colluvial-alluvial soils and grumusols” (Dan and Raz 1970).  Alternatively, a 
1969 study places the Beisamoun site on  “lime-rich, hydromorphic alluvial soils” 
(Ravikovitch 1969).  Both descriptions make it clear that the area outside of the lake and 
peat beds themselves were soils derived from a combination of inputs under rather moist 
conditions with alternate wet and dry seasons.  Likewise, the earliest known maps of the 
Hula (discussed below – see section 3.5.1) show the general area of Beisamoun to be 
within this wetland system – either east of a stream in the papyrus marshes, or west of a 
stream in thin reeds.   
Although these descriptions illuminate the recent state of the Beisamoun site, 
which is important to understanding the site formation and preservation at the site 
(Chapter 7), none of these descriptions clarifies what the site was like during the 7th 
millennium BCE occupation.  Reconstructing the past environment requires 
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paleoenvironmental information.  A background of this information is provided below, 
and will be complemented with my own data in Chapters 6 and 7. 
	  
Figure 3.03 – The soils of the Hula wetlands.  The survey of the peats and organic soils of the Hula 
stopped just east of the site of Beisamoun, but suggests that marls should be the dominant sediment at 
Beisamoun.  When compared against the original Hula lake (see Figure 3.01), the edge of the marl appears 
to develop from the northern shore deposits of the Hula lake.  Map reproduced from Litaor et al. 
2011/2012:6. © 2012 International Mire Conservation Group and International Peat Society. 
 
3.3 – The Quaternary paleoenvironment of the Hula 
 By the early Quaternary Period, the overall geology of the Hula Valley was very 
similar to todays.  The basin was subsiding and was being filled with water and alluvium 
from the steep slopes of the uplifted blocks of the Golan and the Naftali (Horowitz 1973).  
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The deposition of a basalt flow ca. 30 kya blocked the drainage in the Hula, and as water 
ran into the valley it collected into a large, shallow lake and wetland system.  Despite the 
continued influx of water and sediment, the continuous subsidence of the valley resulted 
in a generally shallow water body. Ehrlich (1973) used the fossil diatom record to suggest 
that the lake was initially a deep, alkaline freshwater lake, before becoming more 
shallow.  Though it might have been deeper than today, there is no evidence that lake was 
ever deep enough to undergo thermal stratification (Cowgill 1980; Hambright and Zohary 
1998; Horowitz 1978).  Water level measurements from mid-20th century suggested that 
in recent years the lake was typically 1.5 – 2.5 m deep in the summer and 3 – 4 m deep in 
the winter, with a surface area of about 14 km2 (Dimentman et al. 1992; Neumann 1955). 
The major Quaternary transformations in the Hula were in the form of 
climatological and ecological shifts that were occurring both regionally and globally.  
The data for these paleoclimatic reconstructions come from a variety of sources, both 
from within and beyond the Hula Valley.  These records include a number of marine 
core, palynological, and speleothem studies from the Dead Sea, Jordan River Valley, the 
Ghab Valley in southern Syria, and cores taken from within the Hula itself (Robinson et 
al. 2006, and citations within).  Numerous palynological studies of Hula sediment cores 
have been attempted (Baruch and Bottema 1999; Horowitz 1971, 1979; van Zeist et al. 
2009; Weinstein-Evron 1983).  These data indicate that the general Mediterranean 
environment existed well before the start of the Early Neolithic, but that there were 
smaller-scale climatological fluctuations, some of which loosely overlap with the 
proposed Early to Late Neolithic transition.  These Neolithic-age fluctuations have led to 
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a suggestion that the PPNC and Early PN was encouraged or supported by climatological 
factors, in particular a multi-regional event known as the 8.2 kya event, a period marked 
by hyper arid conditions and climatic irregularity (Berger and Guiliane 2009; Maher 
2011; Zielhofer et al. 2012).  Below I present short summaries of select climatological 
evidence for the 8th – 7th millennium BCE, and explain the hypothesized role of these 
climates on the Neolithic peoples of the Hula.  This hypothesis will be reexamined in the 
final discussion (Chapter 7).  The relevant data are summarized below (and in Table 3.2). 
 
3.3.1 – Marine cores 
Sedimentation on the Eastern Mediterranean and Red Sea floors has been 
relatively continuous throughout the Quaternary.  While the typically slow sedimentation 
rate only provides a limited temporal resolution (~ 2-5 cm/kyr), there are sections within 
these deposits of rapid sedimentation (~ 2m/kyr) (Reeder et al. 2002; Robinson et al. 
2006).  The semi-enclosed nature of the Mediterranean means that climatic changes are 
quickly recorded and are often amplified in comparison to the wider Atlantic Ocean 
(Rohling et al. 2009; Roberts et al. 2010).  Oxygen isotopes, planktonic foraminiferal 
assemblages, and sapropel formation within these sediments have been shown to act as 
proxies for sea-surface temperatures and sea-surface salinity, as well as indicators of 
precipitation changes (see reviews in Robinson et al. 2006).  In particular, sediment core 
967, from the Eastern Mediterranean Sea south of Cyprus, reveals in great detail the 
changing Mediterranean climate (Emeis, Sakamoto et al. 2000; Emeis, Struck et al. 
2000).  These regional reconstructions provide a picture of the numerous peaks and 
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troughs of the gradually warming Levantine basin temperatures.  Emeis, Struck et al. 
(2000) compared Alkenone unsaturation ratios (from phytoplankton within the marine 
sediments) within core 967 to determine a general warming of average sea surface 
temperatures during the Neolithic, from ~ 13° – 16° C during the PPNA and EPPNB to 
>20° C by the end of the Neolithic (Figure 3.04).  The implication is that the people of 
the Levant were experiencing warmer temperatures during this time. 
A feature of Eastern Mediterranean marine sediments is that they show a cyclic 
deposit of oxygen-rich and oxygen-lean deposits.  The oxygen-poor intervals, known as 
sapropels, have well-established links to regional climatic cycles because of the nature of 
their formation processes (Calvert and Fontugne 2001; Foucault and Mélières 2000; 
Gallego-Torres et al. 2010; Rohling 1994; Rossignol-Strick 1985; Rossignol-Strick et al. 
1982).  Of interest to many Neolithic researchers is a non-continuous deposit called the 
S1 sapropel, situated within MIS 1 strata dated to ca. 9 – 6 kya.  This sapropel event is 
associated with marine sediments from a period of Nile runoff and Mediterranean organic 
matter discharge; the implication is that heavy rainfall washed out abundant sediment 
during this time (Ariztegui et al. 2000; Rohling 1994; Rossignol-Strick et al. 1982; 
Stanley and Wingerath 1996; Venkatarathnam and Ryan 1971).  A brief climatic 
discontinuity appears in marine sediments and ice cores at ~ 8.2 kya, and is associated 
with a short cold snap, aridity, and unfavorable climate.  Several authors have cautiously 
suggested that this may have caused enough instability or climatic degradation to push an 
already tense PPN social system towards change (a special issue of Neo-Lithics (1/09)
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Figure 3.04 – Sea surface temperatures during the PPN and PN.  A clear trend towards warmer 
temperatures is seen from ca. 11 kya to ca. 6.6 kya, though during the time of the S1 event 
(dashed lines), there are many fluctuations.  The yellow frame denotes the Neolithic period (given 
in Table 1.1).  The blue frame represents Beisamoun Pond 11 Layers Ic and Ib, as determined by 
radiocarbon dates (see Chapter 4).  Red bracket 1 represents the consensus ‘start’ range of the 
PPNC, and red bracket 2 represents the consensus ‘start’ range of the early PN.  Blue bracket 3 
represents the range of the 8.2 kya event (after Maher et al. 2011).  The following images 
(Figures 3.05, 3.06, 3.07) follow this model.  Though a short temperature spike does align with 
the ‘start’ of the PPNC, the rest of the PPNC shows stability.  It is only in the early PN that 
fluctuations begin again.  Image adapted after Emeis, Struck et al. 2000:269. © 2000 Elsevier. 
 
was dedicated to this problem, see: Kafafi et al. 2009; Rollefson 2009; and Weninger 
2009; see also: Weninger et al. 2006, 2009; Zielhofer et al. 2012). 	  
3.3.2 – Speleothem records 
Speleothem growth occurs when there is a positive precipitation / evaporation 
ratio above a cave, and water seeps into the unsaturated zone.  The water transports ions 
(typically calcareous) that precipitate within the cave system as calcitic speleothems.  In 
temperate and warmer environments, periods of speleothem growth are interpreted as 
periods of moist climate, while a lack of speleothems is indicative of a relatively arid 
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climate (Bar-Matthews et al. 2003; Hennig et al 1983; Orland et al. 2012).  Furthermore, 
δ18O and δ13C profiles of the speleothems can reveal the temperature and relative rainfall 
in the region (e.g., Bar-Matthews et al. 2003).  The δ18O values reflect the temperature of 
the deposition environment and the δ18O of the precipitated water, and the δ13C reflects 
the vegetation in the system, as these values are affected by the prevalence of C4 plants 
and their contribution to the soil CO2 (Bar-Matthews et al. 2003; Sorin et al. 2010; Vaks 
et al. 2003).  These values are also connected to the larger environmental systems (SST 
and salinity, for example), and have enabled reconstruction of the past Levantine climate 
(e.g., Bar-Matthews et al. 2000; McGarry et al. 2004; Orland et al. 2012; Sorin et al. 
2010).  
For example, the rich speleothem record from Soreq Cave (central Israel) record 
two interesting trends important to the present discussion.  First, recent microprobe 
investigations of the Soreq Cave samples reveal seasonal variations within the δ18O 
values of individual speleothem deposits.  Orland et al. (2012) interpreted these patterns 
as confirmation of a typical Mediterranean seasonality from at least 10.5 kya.  Thus, the 
Neolithic peoples of Beisamoun would have experienced a wet and cool winter and dry, 
hot summer.  Second, a study of the δ18O and δ13C values during the early Holocene 
reveal a number of sharp drops towards negative values, particularly a period of low 
oxygen isotope values (~ -6.5‰) between 8.5 and 7.0 kya, with a severe low at 8.5 to 8.0 
kya (Figure 3.05).  These have been interpreted as representing increased temperatures (~ 
14.5° – 19° C) and rainfall (~ 675-950 mm) (Bar-Matthews et al. 1997, 2003).  
Throughout this same period, δ13C was gradually decreasing from LGM levels, until 8.5 
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Figure 3.05 – δ18O and δ13C profiles from Soreq Cave speleothems.  See Figure 3.04 for a key to 
the frames and arrows.  Note that the δ18O profile has sharp drops coincident with the consensus 
‘start’ of both the PPNC and the PN, but has a sharp positive spike ca. 8.2 kya.  The δ13C has an 
interesting positive spike immediately after the start of the PN, and after the Pond 11: Layer Ib 
phase.  Bar-Matthews et al. (2000:152) propose that this spike is the result of enhanced erosion 
from the earlier extreme humidity, further supporting a wet PPNC.  Images after Bar-Matthews et 
al. 1999 © 1999 Elsevier. 
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to 7.0 kya, during which δ13C values record a sharp spike.  These values exhibit an almost 
equally sharp drop around 8.2 to 8.0 kya (Bar-Matthews and Ayalon 2003; Bar-Matthews 
et al. 1997, 1999, 2000; Schilman et al. 2002).  The spikes in both δ18O and δ13C imply a 
period of heavy rainfall at the same time that we expect to see evidence for the Late 
Neolithic, with an intermittent period of dryer climate right at the end of the 7th 
millennium BCE.  
 
3.3.3 – Sediment and paleosol records 
 Terrigenous sediments and paleosols are good indicators of climatology, 
hydrology, and environment, are useful in the reconstruction of Quaternary palaeoclimate 
and paleoenvironment (e.g., Foucault and Mélières 2000).  Gvirtzman and Wieder (2001) 
characterized soil-sequences on the coastal plain of Israel and found that semi-dry 
conditions and low precipitation resulted in undeveloped sandy regosols, whereas more 
humid conditions with higher precipitation produced a carbonate-free red Mediterranean 
soil known as Hamra soil.  They were able to use the alternating patterns and other 
evidence for deposition type or soil formation as proxy evidence for thirteen wet-dry 
episodes over the past 53 kya (Figure 3.06).  These episodes were graded by degree of 
dryness or wetness and dated by OSL, revealing a significant wetting event ~ 8.25 ± 0.5 
kya, situated between significant dry events at ~ 10.25 ± 0.5 kya and ~ 7.25 ± 0.5 kya.  
The implication is that although the start and end of the Neolithic periods are related to 
drying episodes, the PPN to PN transition occurred during a consistent wet period.  
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Figure 3.06 – Trends in wet and dry periods as recorded by coastal plain sedimentation and soil 
development.  Note that the entire PPNC and the start of the PN all occur during the same period 
of intense humidity (E8).  Image after Gvirtzman and Weider 2001:1842. © 2001 Elseveier. 
 
3.3.4 – Pollen records 
  Pollen assemblages from both marine and terrestrial cores further elucidate our 
picture of the later Quaternary Levantine climate and environment.  There are many 
palynological studies that document the Pleistocene to Holocene transition in the Levant, 
some with very high resolution (for reviews see Meadows 2005; Rossignol-Strick 1995).  
More regionally applicable are those cores from Southern Bekaa Valley of Lebanon, 
Birkat Ram of the Golan Heights, boreholes from around the Dead Sea in central Israel, 
sediments from Lake Kinneret, lake sediments from within the Hula Valley itself (Baruch 
and Bottema 1991, 1999; Hajar et al. 2010; Litt et al. 2012; Meadows 2005; Neumann et 
al. 2007; Schwab et al. 2004; Weinstein 1976).   
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Figure 3.07 – Pollen diagram from the Hula Lake.  Due to issues of dating (see below), no specific marker 
for the PPNC or PN may be offered.  The (estimated) timing of Pond 11: Layer Ib and Ic appear to 
coincident the sharp expansion and subsequent decline of arboreal pollen (arrows).  This period also 
captures the expansion of cereal pollen.  Image reproduced from van Zeist et al. 2009:44 © 2009 Leiden 
University Press.  
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The Ghab Valley and Hula Basin pollen assemblages have often formed the base 
for paleovegetational reconstructions, because of their high resolution.  Aligning the 
dates for these two assemblages is problematic, however, due to the carbon reservoir 
effects of the local lake sediments (for a discussion see Robinson et al. 2006:1524–1525; 
van Zeist et al. 2009:41–44).  Rossignol-Strick (1995) was able to correlate the two on 
the basis of a strong presence of Pistacia between 10.2 – 6.7 kya.  This Pistacia zone 
implies that both sites were similar, and that both experienced a period of mild winters 
with annual precipitation during the PPNC and later PN period. 
Three key points are apparent from the Hula pollen diagram (Figure 3.07).  First, 
there is a strong increase in arboreal pollen (mainly Quercus) until ca. 6,500 BCE, after 
which there is a rapid decline.  Second, Poaceae pollen declines at the same time that 
arboreal pollen increases, though at a less sharp rate. van Zeist et al. use this slow decline 
to argue that wild grasses were able to survive in the growing oak forest, though not 
thrive as previously (2009:54).  Bottema (2002) found that the Ceralia-type pollen 
contained Hordeum pollen, though it was not possible to determine whether it was 
domesticated or wild.  In either case, the authors suggest that the Hula was not ideal for 
farming at that time, as there was such thick wood coverage (van Zeist et al. 2009:54).  
Third, just after ca. 6,500 BCE, forests begin to decline and steppe-like vegetation 
(mainly cereals) becomes common.  The authors doubt that the woodland decline was 
from overuse by Neolithic peoples, and note that the cereal pollen does not necessarily 
imply farming (van Zeist et al. 2009:55).  Finally, an increase of synathropic plant 
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species is noted after 6,500 BCE, indicating a growth of plants that have adapted to 
human habitats and disturbed landscapes (Danin 2004; van Zeist et al. 2009).  
Van Zeist et al. also discovered that Pediastrum sp. (green algae common in 
freshwater environments) and Nymphaea (a genus of blooming water plants that includes 
water lilies) expanded heavily between 10 – 8.4 kya.  The increase in water and marsh 
plants and algae suggest an expansion of the lake and marshland.  Similarly, an increase 
in riverine trees Fraxinus and Salix may indicate an expanding wetland (2009).  
  
3.3.5 – The 8th – 7th millennium BCE Hula Valley in context 
 By ~ 14 kya, the Hula valley was in its present form: a subsiding valley with tall 
calcareous peaks to the west, tall basalt peaks to the east, and a growing lake and wetland 
system fed by springs and runoff.  Thick beds of peats, marls, organic soils, and gley soils 
developed within the marshland (Litaor et al. 2011/2012).  Calcareous sediments and red 
clays from the Naftali were running into the valley, and were being covered with marls 
and calcareous sediments from the lake (Shtober-Zisu et al. 2003).  Vertic soils 
developed from the clayey sediments (Singer 2007).  The large, shallow alkaline water 
system grew rich with flora and fauna (Dimentman et al. 1992; Heimann et al. 2009), 
which in turn supported human settlements.  
At the start of the Early Neolithic, the Levantine climate was following the pattern 
still seen today: wet, cool winters and dry, hot summers (Orland et al. 2012).  At the same 
time, much of the Levant was experiencing a period of heightened rainfall and increasing 
temperatures (Gvirtzman and Wieder 2001; Bar-Matthews 1997, 2003).  This wet and hot
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period supported the expansion of humidity-loving plants and forests of Quercus and 
Pistacia in the Hula (van Zeist et al. 2009).  These rains also increased sedimentation in 
much of the Mediterranean (as evidenced by the S1 sapropel, Ariztegui et al. 2000), and 
may have supported erosion of the slopes in the Hula (Shtober-Zisu et al. 2008). 
 For the people of Beisamoun (and other Hula settlements), the Hula would have 
been rich in resources.  Hundreds of species of birds, fish, mollusks, and marsh plants 
filled the lake and wetlands, some were endemic to the Hula and some were varieties that 
had originated in rivers and lakes in the northern Levant (Dimentman et al. 1992:37-69; 
Zohar and Biton 2011).  A rich forest (with its own useful flora and fauna) surrounded 
the water system (Dimentman et al. 1992; Rossignol-Strick 1995; van Zeist et al. 2009).  
There was ample material for plaster production between the marls of the wetlands and 
Proxy Record Type Select evidence from the  early 7th millennium BCE  
What does it mean for the people of 
PPNC Beisamoun? 
Speleothem records 
Decreasing δ18O values Period of increasing rainfall Average temperature range of 14° - 17° C 
Seasonal variation of δ18O 
values Mediterranean seasonality 
Positive δ13C spike in the late 
7th millennium BCE Erosion from a period of heavy rainfall 
Marine cores 
Sapropel formation Period of heavy rainfall 
Rising alkenon values Increased temperatures 
Sedimentary record Development of Hamra soil Period of heavy rainfall 
Pollen record Increase and decrease in arboreal pollen Thick woodland coverage over the Hula 
Table 3.2 – Summary of select paleoclimate and paleoenvironmental data during the Neolithic. 
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the calcareous sediments of the Naftali slopes.  Similarly, calcareous muds and stone 
were readily available for construction (discussed in Chapter 6 and 7).  The Hula 
environment gradually became more steppe-like during the latter part of the 7th 
millennium BCE; the forests retreated and became less dense, and grasses became more 
prevalent.  Though the Hula was drier at this time, the decreased tree coverage may have 
stimulated erosion on the Naftali slopes and the soils and sediments in the valley (Rosen 
2001).  The human impact on the environment is also more prevalent during this period, 
as noted by the influx of pollen from weeds and synanthropic plants.   
 Many of the lines of evidence presented above note a sudden shift ca. 8.5-8.0 kya, 
which generally align with the global 8.2 kya event.  These congruencies show that there 
was a brief period of aridity and cool temperatures at the very end of the 7th millennium 
BCE.  Whereas authors originally suggested that this cold and dry snap might have made 
PPNB lifeways untenable (Berger and Guiliane 2009; Weninger 2006, 2009), 
comparisons of these data with the archaeological record show that the 8.2 kya event 
post-dates the PPNC.  Simmons (2007:185–186) suggests instead that these climatic 
events were more of an issue for PN communities.  I will return to this question in 
Chapter 7, incorporating data from Beisamoun Pond 11 into to the discussion. 
 
3.4 – The Neolithic peoples of the Hula Valley 
 The largest and best-known Neolithic occupation in the Hula Valley is 
Beisamoun, which will be described in detail in the following chapter.  There are at least 
nine other known sites in the Hula, making the Hula a center of late 8th – early 7th 
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millennium BCE activity in comparison to the rest of the southern Levant (Bocquentin, 
Khalaily et al. 2014).  Unfortunately, few of these sites have been fully excavated or 
published.  Many were discovered via field survey by the Israel Antiquities Authority, or 
by local collectors during the draining of the Hula (explained below).  As such, only a 
very limited picture of PPN–PPNC–Early PN life in the Hula is currently available; I 
present the salient details below.  
 
3.4.1 – The archaeology of the PPNC in the Hula  
 The human landscape of the PPNC-era Hula was quite dense, with sites situated 
no more than 3 – 7 km apart (Nadel and Nadler 2011).  Too little is known about these 
sites to determine average size or site organization.  At both Tel Te’o and Tel Roim West, 
the PPNC occupations are built atop PPNB occupations, though the relationships between 
the phases are not understood (Eisenberg et al. 2001; Nadel and Nadler 2011).  The 
architecture at these sites is hardly better known.  The PPNC strata at Tel Te’o (XII and 
XI) reveal small rectangular structures with stone foundations and beaten earth floors 
made of “crushed chalk, clay, and organic matter (mostly straw) covered by a thin layer 
of lime plaster mixed with crushed calcite” (Eisenberg et al. 2001:197).  Plaster floors are 
also known, though the excavators expect the construction to contain only a small portion 
of burnt lime.  No mudbrick or earthen wall material of the superstructure was found 
(Eisenberg et al. 2001). 
 The material culture of the PPNC has a mixture of PPN and PN characteristics, as 
explained in Chapter 2 (Section 2.4.2).  The lithic technology of the PPNC shows little 
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that may be used to set it apart, and ceramics are not present in this period (Eisenberg et 
al. 2001).  Subtle differences are noted in the faunal records at both Tel Te’o and 
Hagoshrim.  The abundance of wild sheep and goat in the faunal record of Tel Te’o 
suggest a degree of isolation and population control thought to indicate the incipient 
stages of domestication.  The numbers are the same at Hagoshrim, but in this case the 
animals are of a domesticated form (Haber and Dayan 2004; Horowitz 2001).  Pig and 
cattle are common, and found in similar numbers to the goats and sheep, but are thought 
to be undomesticated animals (Horowitz 2001). 
 As with other parameters of Neolithic life in the Hula, there are too few data to 
have a clear understanding of how the PPNC and the PN related.  There are two small 
observations that are worth noting, however.  First, as discussed in Chapter 2, there is no 
clear evidence of a divide in lithic technology between the two periods (Khalaily 2009; 
Nadel and Nadler 2011).  Second, Eisenberg et al. (2001) noted that a PN wall (Stratum 
X, W736) was built near and in parallel to a PPNC era wall (Stratum XI, W739), despite 
a difference in elevation between the two.  Although the excavators expect a gap in 
timing between the PPNC and the PN layers, the PN inhabitants were aware of the earlier 
walls, and took them into consideration when building their new structure (2001:18-19).  
Though we do not know why the PN peoples were choosing the ruins of the PPNC site 
for their occupation, we do know that they were at least consciously aware of the 
existence of the earlier occupation.   
The Hula was densely occupied during the PPNC, which appears to contrast with 
the sparse occupation of the majority of the southern Levant.  This density of occupation 
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is almost certainly due to bias of preservation and discovery.  A major contributor to this 
scarcity is the poorly explored region north of the Hula, in modern day Lebanon and 
southern Syria.  In spite of the limited exploration, there are several known sites that 
might be contemporaries these Hula sites.  Tell Ramad, in the Damascus basin, appears to 
have one such layer (de Contenson 1993, 2000).  Rich obsidian assemblages are known 
from sites around the Levant, including Beisamoun.  The obsidian from Beisamoun is 
almost exclusively sourced to the Cappadocia region of Anatolia (Borrell in Bocquentin, 
Greenberg et al. 2014); at least goods were being exchanged from the northern Levant 
into the southern Levant at this time.  It has already been stated that the environment of 
the 7th millennium BCE Hula was comparable to that of the Ghab Valley in Syria 
(Rossignol-Strick 1995), so it is not unreasonable to expect that early 7th millennium 
BCE Hula-like communities will be found further north in the future.  If the Hula was a 
node in a larger network of sites that spread northward, it may have been short lived.  By 
the middle of the millennium, ceramic entities differed between the Hula communities 
(Jericho IX pottery) and the northern Levant communities (pre-Halaf pottery) (Kozlowski 
and Aurenche 2005).  This has led Bocquentin, Khalaily et al. (2014) to suggest that by 
the early PN, the Hula was a northern boundary of the southern Levant, and was separate 
from contemporary northern Levantine communities.   
   
3.5 – The post-Neolithic Hula Valley 
The Neolithic communities of the Hula eventually came to an end, either through 
abandonment or change.  The Hula Valley, however, continued to be a center of human 
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occupation for many millennia.  Though most of this later activity is not relevant to the 
present discussion, the 20th century decision to drain the lake and convert the Hula Valley 
into farmland has had a significant impact on the Neolithic archaeology, both positive 
and negative.  In the following section I summarize this part of the Hula narrative; the 
repercussions of the drainage project will be seen many times later in the dissertation. 
 
3.5.1 – The historical communities of the Hula  
Chalcolithic, Bronze Age, and Iron Age sites are all found within the valley 
(Eisenberg et al. 2001).  Some of these are small settlements, and others (like Hazor) are 
massive tell sites.  References to the Hula can be found throughout the historical 
literature, often referring explicitly to the lake.  Despite these records however, there are 
few mentions of the actual inhabitants, or of permanent settlements within the basin 
(Karmon 1953).  This silence could be an accurate reflection of the settlement patterns, or 
it could indicate observer bias, in which the predominantly European chroniclers 
overlooked the Bedouin or Arab populations in the region1. 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1	  The earliest known references are 14th century BCE Egyptian records, in which the lake was 
called Lake Samchuna.  Josephus Flavius called it Semechonitis in The Wars of the Jews in the 1st 
century CE (Dimentman et al. 1992).  It is mentioned in Talmudic sources, Crusader literature, 
and medieval travel logs, such as the 13th century account of Father Burchard of Mount Zion, in 
which he mentions the wilderness of the Hula (Dimentman et al 1992).  The Mongol invasion at 
the end of the 13th century resulted in the abandonment of the Hula Valley and the extensive 
flooding of the area when a bridge built near Gesher Benot Ya’aqov in 1260 acted to partially 
damn the Jordan. There are few known reports of the Hula from these centuries, and it is often 
referred to as uninhabited wilderness (Karmon 1953).  Most pilgrimage accounts skip this portion 
of the Jordan Valley entirely, opting instead to take coastal routes down towards Jerusalem (see 
for example: Crouch 1715; Tyron, 1785).	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By the 19th century CE, a heterogeneous group of inhabitants (often called 
collectively the ‘Ghawarna’) lived in and used the Hula Valley (Curtis 2011; Khawalde 
and Rabinowitz 2002).  These inhabitants were predominantly semi nomadic, using the 
valley for grazing and cultivation, and using the marsh reeds for mats and huts (Karmon 
1953).  The Hula also reappears in references in the 19th century, with a number of 
travelers specifically exploring the geology and ecology of the region, while 
simultaneously providing information on the lifeways of the inhabitants.  Some of them 
describe how the lake was used for fishing, how the marshes were impenetrable owing to 
the reeds and thick foliage, and how boar hunting was plentiful within this area, an 
activity reminiscent of the archaeological evidence from Beisamoun (Burckhardt 1822; 
Karmon 1953; Seetzen 1855; Wortabet 1856). John MacGregor (1874), in his solo canoe 
trip up the Jordan, recorded the Hula as nearly impenetrable due to overgrowth, and 
provided the first known map of the lake and marsh.  Some of these accounts offer the 
occasional glimpse at interest site-formation processes, such as Burckhardt’s claim that 
the southwestern shore of the lake was called Mallaha because the ground was covered 
with a saline crust (1822:315–316), which might mirror a process noted at the present-
day site (see Figure 6.40).   
 
3.5.2 – Draining the Hula Lake 
By the 20th century CE the Hula Valley demographics had changed considerably, 
and the valley was far more populous.  Due to the larger population, attempts were made 
to claim more land for agriculture.  Additionally, as the populations increased in the 
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Hula, health-risks such as malaria began to take their toll, with some villages suffering 
extremely high mortality rates (Karmon 1953).  These factors led to the decision to drain 
the wetlands entirely, an idea that had actually been put forward by the Ottoman 
government in the 19th century for similar reasons (Frantzman and Clark 2013; for 
alternative narratives of the drainage project, see ‘Abbāsī and Seltenreich 2007; Gorney 
2007; Khawalde and Rabinowitz 2002; Sufian 2007).  The drainage project had an 
enormous impact on the ecology, usage, and water systems in the valley.  The project 
furthermore affected the archaeology of the region, both through mechanically disturbing 
the materials, and by changing the hydrology (and thus the site-formation processes) of 
the valley. 
The massive drainage project was undertaken from 1949 until 1958.  The result 
was the near complete draining of the lake and marshlands, with only a small portion of 
the wetland left as a natural preserve.  The project also led to the creation of numerous 
ditches and drainage pipes throughout the valley, and the creation of a new channel for 
the Jordan River (The Colonial Office 1935; Karmon 1960).  The drained Hula Valley 
quickly became a center for agricultural production in northern Israel.  Based upon soil 
types, irrigation patterns, and regional markets, the Hula began to be used for a number of 
rotating crops throughout the seasons.  The market demand for fish led to the 
construction of numerous fishponds, containing primarily carp.  These were quite 
prosperous, and for a time provided the majority of the income from the valley.  
Eventually the water consumption became too high and the ponds were eventually 
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removed (Karmon, 1960).  The name Beisamoun Pond 11 is in reference to the fact that it 
was situated below Fish Pond 11. 
The destruction of the Hula wetlands had a devastating effect on the animal and 
plant life in the area (Dimentman et al. 1992; Shy et al. 1998).  Additionally, the dramatic 
changes to the Hula ecosystem eventually resulted in soil degradation and subsidence, 
leading to agricultural troubles (Shoham and Levin 1968). The changes to the water 
systems in the Hula meant that the groundwater level decreased, allowing oxygen to 
reach deeper into the soils.  This in turn enabled decomposition of peat soils, which led to 
them drying out and becoming infertile, which in turn made the valley more hospitable 
for rodents such as voles (Hambright and Zohary 1998). 
The soil degradation prompted a reevaluation of the agricultural practices, and 
several studies were undertaken to explore and classify the soils in the area (Litaor et al. 
2011/2012, and citations within).  The studies led to an attempt to reconstruct the wetland 
ecosystem; the successful project also restored balance and regularity to the hydrology 
and geochemistry of the Hula Valley (Dimentman et al. 2002; Hambright and Zohary 
1998; Shy et al. 1998; Tsipris and Meron 1998)2.  Many of the fishponds were abandoned 
and returned to agricultural usage.  Pond 11 was left alone. 
The Hula drainage project was thus very damaging to the archaeology within the 
Hula.  Furthermore, the digging of the drainage likely resulted in the destruction of a 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  2	  The reconstruction of the wetlands has been a resounding success.  Within two decades of the 
start of the reconstruction, the Hula has returned to an ecological stability, albeit an artificial one.  
Many of the nesting birds and other fauna have repopulated the area, and the reconstructed 
waterscape has become an eco-tourism destination (Ashkenazi and Dimentman 1998; Barinova 
and Biton 2010; Degani et al. 1998; Gophen et al. 2003; Hambright et al. 1998; Kaplan et al. 
1998; Markel et al 1998).	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great deal of archaeology.  The drainage itself, however, resulted in the discovery of 
numerous archaeological sites that had been hidden by either the lake or the marshes, 
including Beisamoun.  This aspect of the drainage project will be covered in the 
following chapter (see Table 7.2). 
 
3.6 – Summary 
 The modern Hula Valley and the archaeology contained within it are the products 
of numerous periods of change and stability.  Evidence for these ancient changes provide 
insight into the way these changes did or did not affect the lives of the Neolithic peoples 
of the late 8th-early 7th millennium BCE.  What is most apparent from the environmental 
and ecological records are that significant changes are not contemporary with the start, or 
even the majority of, the PPNC.  Speleothem records, pollen cores, and marine core 
records all indicate that the seasonal, warm, and wet climate system start in the early 
Holocene, and remained in place through the end of the PPNC.  It is only around the 
middle of the 7th millennium BCE that these changes begin to be noted.  Short shifts 
towards aridity and cool temperatures are seen in most of the paleoclimatic records, 
though the lack of this event in the paleosol record may indicate that the 8.2 kya event 
manifested differently in different regions.  Within the Hula, this period is roughly 
analogous to a decrease in forest and an increase in grasses.  There were also increases in 
plants that thrive near humans.  These changes all align in time closely with the start of 
the Late Neolithic.  There are clear changes in some material culture assemblages at this 
point in time (e.g., changes in burial practice, ceramic industries, and increased 
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pastoralism), but there is also stability in other assemblages (e.g., lithic technology, 
choices of construction material).  The question remains: do the changes during the 
PPNC mark an end of PPNB social systems in the Hula, or merely a change in their 
material expression?  Are these changes sudden, or do they start much earlier, and we 
archaeologists only think that there was a sudden shift in behavior? 
 Significant changes to the environment and ecology of the Hula were not limited 
to the ancient past.  Within the past few decades there has been intensive change to the 
Hula, which had been stable for so long.  These intensive water and agricultural projects 
have damaged the archaeological remains in the valley; the extent of the damage is 
unknown.  How might these recent projects have affected preservation and recovery of 
the Neolithic assemblages?  How trustworthy are the contexts of these assemblages?  As 
archaeologists, we must understand the context of our finds if we are to interpret them.  
In light of all of the recent activity, how secure are the contexts from the Hula sites?  The 
following chapters will attempt to answer these questions, as they relate to the site of 
Beisamoun Pond 11.   
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Chapter 4:  The Archaeology of Beisamoun 
 
4.1 – Introduction  
 The Hula Valley was home to numerous Neolithic communities during the 8th and 
7th millennium BCE.  The people from these communities took advantage of the rich 
local resources, and maintained trade or contact with a wider network of Neolithic 
communities.  As the number of known Neolithic sites decreases in the early 7th 
millennium BCE, the Hula remained a center of activity.  The density of occupation is 
currently exceptional in the archaeological record, providing the hope that the Hula may 
be an important window into this period.  Unfortunately, the majority of Hula sites are 
known only from survey records; too few have ever been excavated and published.   
 The site of greater Beisamoun is therefore unique in that it has been subject to 
several excavations and published studies.  The results of these previous works led to a 
renewed (and currently ongoing) study in a previously unexcavated portion of the site, 
Pond 11.  The preliminary results of this study suggest a multi-phase early 7th millennium 
BCE site, described as PPNC on the basis of material culture and chronology. The 
multiphase nature of Pond 11 means that Beisamoun also provides an excellent 
opportunity to understand change and stability in the 7th millennium BCE.  We will be 
able to better understand this period as each new assemblage is analyzed and compared.   
In order to understand how these phases and assemblages fit together, however, we must 
understand the stratigraphy and the contexts from which the recovered material came. 
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This chapter will present the site of greater Beisamoun; I will discuss the history 
of research at the site and summarize the results from the several projects that have been 
undertaken since the discovery of the site.  Following this, I will present the current 
excavation at Beisamoun Pond 11, describing each strata, and what is known of the 
related material culture.  I will finish the chapter by presenting the current interpretations 
of the site, the general archaeological questions that have arisen from the data, and the 
specific micro-stratigraphic questions that have been raised and which will be addressed 
in the following chapters.   
 
4.2 – Early research at Neolithic Beisamoun 
 
4.2.1 – Discovering Beisamoun 
 The drainage of the Hula Basin revealed a large territory that had previously been 
inaccessible to those interested in archaeology.  A local kibbutz member, Mr. Amnon 
Assaf, first collected artifacts and noticed the remains of structures along the edge of the 
draining lake in 1955 (Perrot 1966), which are now stored and displayed at the Upper 
Galilee Museum of Prehistory at Kibbutz Ma’ayan Baruch.  Mr. Assaf soon contacted the 
archaeological team carrying out work at ‘Ain Mallaha (under J. Perrot for the CRFJ), 
which led to a multi-year survey of the drained ponds (Figure 4.01).  These surveys 
uncovered a large amount surface scatter, approximately 70 walls, and numerous other 
architectural elements, stretching for over 600 m along the paleo-shore of the Hula lake 
and covering several hectares (Lechevallier and Perrot 1973).  The recovered artifacts 
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Figure 4.01 – Map of the projects and locations within ‘greater Beisamoun’.   The survey scatter 
boundaries for Beisamoun (including Pond 11) and Beisamoun West are shown with dashed lines. The later 
Tell Mallaha (Bronze Age) may be seen immediate south and east of Beisamoun.  Redrawn after Khalaily 
et al. 2015:3 and Lechevallier 1978:129.  Courtesy of the Israel Antiquities Authority.
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were initially identified as similar in kind to the material culture found at Early Neolithic 
layers at sites such as Munhata, Jericho, and Byblos ( Le Brun 1969; Perrot 1966).  
Artifacts from other periods (e.g., Late Neolithic and Bronze Age) were also recovered, 
but fewer than those of the PPNB (Lechevallier 1978).  The recovered survey material 
also highlighted the damage done by the drainage of the lake and the creation of the 
fishponds (Figure 4.02). 
Figure 4.02 – The extent of the 1969 and 1972 survey scatters.  The numbered boxes are the 
fishponds, smaller boxes surround the locations of soundings or excavations.  The location of 
Structure 150 is shown with an arrow.  The survey was successful only along the margins of the 
fishponds, because a) the drainage was still ongoing at the time of the survey, and b) the 
construction of roads and fishponds either buried or destroyed other remains.  The choice to 
excavate in Pond 11 was made in part because it had minimal surface scatter; the team believed 
that this meant that the archaeological remains were buried and preserved, rather than destroyed 
(Bocquentin, pers. comm.).  Image from Lechevallier 1978:132.  Image courtesy of the CRFJ. 
 
4.2.2 – Survey and excavation of Pond 2 and Pond 10 
In 1969 a sounding was excavated to ~68.00  m asl across two walls in Pond 10, 
revealing no earlier occupation.  Following this, in 1971, a series of test trenches were 
mechanically excavated to the south-west of the fish ponds, revealing a Late Neolithic 
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Wadi Rabah layer, but no Early Neolithic layers (Lechevallier 1978).  Whereas the 
archaeology was too disturbed to interpret this Wadi Rabah occurrence properly, it would 
represent the southernmost Wadi Rabah site in the Hula, and suggests that the Hula was 
again a bridge between the northern and southern Levant in the later PN (in contrast to 
the apparent north-south disconnect in the early PN) (Rosenberg et al. 2006). 
In 1972 the team returned to the fishponds and conducted a small excavation 
season within Pond 2 (Fig 4.01).  Within the main excavation unit, the team uncovered a 
multiphase PPNB occupation.  The exposed deposits were described as homogenous, 
humid peat, which dried out over the course of the excavation.  Other hints about the 
sediments and soils of Beisamoun Pond 2 are found in sparse descriptions of the layers or 
floors immediately surrounding the most noteworthy discovery from PPNB Beisamoun – 
Structure 150 (Figures 4.03 and 4.04) (see Lechevallier 1978:131–145).  
Figure 4.03 – Stratigraphy of PPNB Beisamoun.	  	  Level 3 is a yellowish cement surface, which was applied 
directly to the underlying clay. Level 2 is brown earth, with a lens of anthropogenic black earth.  It is not 
known if Layer 2 is a natural deposit or an intentional floor preparation.  Plaster floor 150 sits on a yellow-
clay mortar (not shown) above Layer 2.  Elevations are m asl.  Photograph courtesy of CRFJ.	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Figure 4.04 – PPN Structure 150 in 1972.  Note that the earlier floor (L. 178) is built on a dark 
clay layer (see Figure 403).  The general view of Figure 4.03 is near L. 178.  Scale shown is 1 m.  
Note how close the Image from Lechevallier 1978:138.  Photograph courtesy of the CRFJ.  
 
4.2.3 – Interpretation and implications for Pond 11 
 Despite the paucity of information regarding the soils and sediments within the 
PPNB layers at Pond 2, the above information does have bearing upon the interpretation 
of the later, Pond 11 occupation.  While it is unfortunate that there is not a higher 
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resolution description of the soil and sediment at Pond 2, it is likely that the horizontal 
distance (~225 m) between the two locales would make direct comparison difficult.  
Much more illuminating are the descriptions of the construction materials and methods 
used in Pond 2, which have some parallels to the Pond 11 site, and to the homogenous 
dark peat, which may have been found in a few locations within the Pond 11 layers (see 
below and Chapter 7).   
 The archaeology from these survey and excavations seasons provided a great deal 
of important information about the latter part of the PPN in northern Israel.  The surface 
scatter, which came predominantly from the areas of Pond 2 and 10, contained numerous 
lithic remains such as points (of several forms, but many of the Amuq type), cores and 
blade cores, tools such as sickles and burins, and debitage.  Stone tools, pendants, bowls, 
and grinding implements were also frequent.  The faunal assemblage (in which only 78 
bones were identifiable) contained a number of wild species: large cattle (1.0%), gazelle 
(14.5%), goats (52.5%), wild boar (27%), donkey (2.6%), and wild cat (2.5%) (Horwitz 
in Bocquentin, Samuelian et al. 2011; Davis 1978).  All of the artifacts suggested a 
MPPNB occupation (Le Brun 1978).  The excavated material further supported this idea.  
In addition to the many PPNB artifacts (Lechevallier 1978), the architecture and human 
remains at the site propelled the fame of Beisamoun.   
The main structure in Pond 2 – Structure 150 – had a rectangular room of roughly 
5x8 m with an antechamber of 4x2.2 m (Figure 4.04).  The 0.6 m thick walls were made 
of two courses of irregular local stones filled with small pebbles.  These walls were 
thought to have served as the foundation for mudbrick or adobe walls, though none was 
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found.  The floors were a thick polished plaster, some of which was found to have traces 
of red pigment.  At least four layers of plaster and mortar were found in the floor, 
indicating cycles of maintenance and reapplication.  Within the antechamber, beside and 
below a stone pavement, two remodeled crania were found.  Four infant burials were 
found nearby, as were several adult burials (missing crania) beneath the floors and walls, 
though some of these may be from the preceding occupational phase.  Structure 150 was 
also constructed atop earlier architecture, implying that these people were practicing the 
PPNB behavior of reoccupying older sites and structures (Lechevallier 1978; 
Lechevallier and Ferembach 1973; Lechevallier and Perrot 1973).  The structure was 
originally interpreted as a domestic space (Lechevallier 1978), though others have 
suggested ritual spaces in light of the similarities between Structure 150 and architecture 
from other sites (see discussion in Bocquentin, Barzilai et al. 2011:199).  
These finds and architectural designs are hallmarks of the PPNB, and the 
remodeled crania (which are themselves rare even in the PPNB) meant that Beisamoun 
was immediately included on lists of important PPNB sites.  The wide extent of 
architecture and scatter led to the interpretation that PPNB Beisamoun as a very large 
(>10 ha), unfortified occupation on the edge of the Hula wetlands and lake (Lechevallier 
and Perrot 1973).  Though the preservation did not allow for an accurate house count, the 
original team estimated a population on the order of 1,000 to 2,000 people.  The people 
who lived there subsisted on hunted resources such as gazelle, wild boar, goats, and 
aurochs.  Fish remains, however, were surprisingly lacking.  While favorably situated for 
domestication, signs of it were few.  Radiocarbon dates could not be recovered, but the 
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archaeological remains bore significant similarity to the phases of other Neolithic sites 
that existed for a century or two towards the end of the PPNB, which makes Beisamoun a 
LPPNB occupation (Lechevallier 1978).  The original results and excavation notes have 
been revisited in recent years.  The new study suggested that the Pond 2 site contained 
two distinct phases.  The earlier phase, which includes Structure 150 and remodeled 
crania, is likely a MPPNB site according to the lithic assemblage.  The overlaying 
material (mostly from surface scatter) appears to be PPNC in age (Bocquentin, Barzilai et 
al. 2011).  The eastern sounding (Area C) from Beisamoun West revealed a PPNB layer 
(Layer IIIC) beneath the early PN occupation (discussed in the next section) (Khalaily et 
al. 2015).  This PPNB phase suggests that MPPNB Beisamoun may have been even 
larger than originally thought, perhaps up to 20 ha (Bocquentin, Barzilai et al. 2011). 
The site of Beisamoun, therefore, seems anomalous.  It was an enormous site in 
terms of surface coverage, but did not display the same apparent population density of 
other sites, and certainly not of LPPNB sites (like those from the Jordan Valley).  
According to Lechevallier (1978:282–283), PPNB Beisamoun was not a structured, 
coherent village, but more a congruence of many people who shared a dependence on the 
resources offered by the lake and valley.  It also has not been conclusively shown that the 
entire area was inhabited simultaneously, instead of a series of smaller occupations 
jumping around the locale.  The site size has meant that Beisamoun has been included 
into discussions of the ‘megasite’ phenomenon (see Section 2.4.1) known from the 
LPPNB of the Jordan Valley (Bocquentin et al. 2009).  As big as Beisamoun may have 
been, it is likely not a megasite, owing to he lack of site density, and the fact that 
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Beisamoun would be the northernmost megasite by a large margin (Bocquentin, Barzilai 
et al. 2011).   
The large size and plastered crania meant that PPNB Beisamoun was a peculiar 
feature on the Neolithic landscape.  This peculiarity has been a mixed blessing for 
Beisamoun – it is important enough to be mentioned and shown on maps in general 
surveys of the PPNB, but the data are rarely studied closely. The site would be left alone 
until 2006. 
 
4.3 – The 2006 survey and 2007 salvage project (Beisamoun-West) 
Archaeological survey and test-pits were undertaken in the area of Beisamoun in 
2006 by the IAA in advance of nearby highway expansion.  During this project, four 
trenches were excavated with a backhoe, revealing archaeological features and structures 
(Figure 4.01).  Test excavations were performed parallel to the highway in 2006.  More 
expansive excavations followed in 2007, as a joint project between University of Haifa, 
Hebrew Union College, and the Y. G. Contract Archaeology Company.  The 2007 project 
opened a total of nineteen-5x5 m and two 2x5 m squares in a south-north line parallel to 
the road (Khalaily et al. 2009).  This site is called Beisamoun West (Figure 4.01).  
Though it is part of greater Beisamoun, it is later than the Pond 11 site, and the recovered 
data are only tangentially related to the current discussion.  As such, only a short 
summary of important observation will be provided below (for full details, see Khalaily 
et al. 2009, 2015; Rosenberg et al. 2010). 
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4.3.1 – The stratigraphy of Beisamoun West 
 Beisamoun West is ~800 m southwest of Pond 11, and is situated much closer to 
the slopes than to the wetlands.  All the same, characteristics of the Beisamoun West 
stratigraphy will help support my reconstruction of the Pond 11 site (Chapter 7).  The 
project team reported three main strata from their soundings and excavations of Areas A 
and B, and a fourth stratum only found in Area C, the easternmost sounding (Figure 
4.05).  The top two layers were the same for all areas.  Layer I was a dark brown clayey 
soil that had been plowed and used for farming.  Very little archaeological material was 
recovered from this layer (Khalaily et al. 2009).  Layer II consisted of two sub-layers, 
both of which were generally “gray-brown clayey soil, rich in organic material and ash” 
(Khalaily et al. 2015:4).  The top sub layer was a thin band that contained small, angular 
fragments of burnt limestone gravel and basalt fragments.  This layer sealed the whole 
site.  Below it was a “light-colored, friable clayey soil mixed with small stones” (Khalaily 
et al. 2015:4).  This stratum had the major architectural features and archaeological 
remains.  In Areas A and B, Layer III was thick sterile, reddish-brown terra rossa soil 
with large vertical cracks, resting on calcareous bedrock (Rosenberg et al. 2010a).  Area 
C was different; a thin layer of gravel separated Layer IIC from IIIC, containing artifacts 
and interpreted as a living surface. Below this, Layer IIIC was loose, dark gray clay with 
few small stone inclusions and PPNB architecture and artifacts.  The sterile terra rossa 
(Layer IV) was found below this PPNB layer (Khalaily et al. 2015).   
 There are two important observations to be made from these descriptions.  First, 
the dark, clayey PPNB stratum is reminiscent of the dark, clayey sediment/soil that was 
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the base layer at Structure 150.  Though the two locales are far apart, it is not 
unreasonable to consider that the two PPNB occupations may have been constructed 
within, or on, a common soil or sediment.  Without further examination, it is difficult to 
say more at this time.  Second, situated above the PPNB stratum was the light colored, 
friable clay with a significant ash component (Layer II).  This material (called a “soil” by 
the excavators) surrounds the architecture – stone foundations that are thought to have 
supported brick superstructures.  No brick has been found, though a few “lumps of 
orange clay” are thought to be the remains of this brick (Khalaily et al. 2015:11, 55).  
	  
Figure 4.05 – Stratigraphic profile from Beisamoun West, Area C.  The unexpected find of a 
PPNB layer (III) shows that the PPNB occupation was more extensive than envisioned, and that 
there may have been a common dark clayey soil or sediment covering much of the landscape at 
that time.  Image from Khalaily et al. 2015:7. ©  ‘Atiqot.  Courtesy of the Israel Antiquities 
Authority. 
 
4.3.2 – Archaeology of Beisamoun-West 
 The two salvage excavations revealed a number of architectural features, many in 
the form of pits lined with flaked limestone pebbles and foundation walls.  The function 
of the pits remains unknown, but they are common features in many Neolithic sites 
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(Rosenberg 2010:111).  In association with these pits were a number of early PN items, 
including flints, obsidian, and other flaked items.  A single radiocarbon date was 
retrieved from Beisamoun West, with a date of 6450 – 6220 cal BCE from Layer II 
(Khalaily et al. 2015:56).  This date situates Beisamoun West into the very earliest stages 
of the PN in the southern Levant. 
 The lithic assemblage demonstrates an on-site chert industry using mostly local 
material, including outcrops of the Deir Hanna Formation (Figure 3.02 and Table 3.1).  
The technology is typical of early PN assemblages – dominated by flake production 
rather than blade production, but with standardized blades still being used for sickles and 
projectile points.  The shift to a flake based industry is considered a major shift from the 
local PPNB industry (Khalaily et al. 2015).  Fourteen flakes of Anatolian obsidian have 
been found from excavated contexts, making the obsidian to chert ratio more similar to 
PPNC sites than early PN sites, though the quantity is small (Rosenberg 2010:74–76). 
A small pottery assemblage – totaling 189 sherds from the two projects – was 
found, the vast majority coming from a single pit (L. 183).  The sherds are described as 
poorly fired, with a high vegetal component.  With the exception of a single Wadi Rabah 
sherd from the surface, the majority of the assemblage consists of plain body sherds, 
lacking decoration aside from burnishing.  These sherds are therefore attributed to the 
very early PN, and comparable to the assemblages from other Hula sites such as Tel Dan, 
Hogoshrim, Tel Roim-West, and Tel Te’o (Khalaily et al. 2015:34–36; Rosenberg 2010). 
Skeletal remains of four individuals (three adults and one child) were uncovered 
from the two projects.  Two of these remains (one adult and the child) were found 
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together in a single, secondary burial.  Along with the burials were pottery sherds, which 
might presage the PN tradition of jar burials for infants and young children (Eshed 2010, 
and citations within).  Importantly, one of the adult burials was burnt; the fragmented 
remains of an adult female were found together with burnt animal bones around a delicate 
stone bowl that had also been burnt, though we do not know if the burning was 
purposeful or not. The bowl form is unknown from the southern Levant, but has parallels 
to north Levantine sites, such as Tell Sabi Abyad (Syria) (Khalaily et al. 2015:42, 54). 
 
4.3.3 – Interpretation of Beisamoun-West 
 With the 2007 excavations, researchers were able to modify the original 
interpretations and to ask new questions about the nature of the site as a whole.  The new 
research team agreed with the sentiments of the original researchers, in which Beisamoun 
was not a single unified town, but rather a collection of people all using the same 
resources.  The 2007 team amended this idea, however, by describing the site as a series 
of small overlapping hamlets that moved across the landscape over time.   In this 
interpretation, the Beisamoun-West pits represents an outdoor activity area or animal pen 
to the western edge of the structures of the general site area (Rosenberg 2010).   
 These new data helped focus the questions concerning the Neolithic occupation at 
Beisamoun.  The data are clear that the Beisamoun site was occupied during the 
M/LPPNB, the Early PN, and the Later PN, which importantly includes the PPNB to 
Early PN transition.  With only a few isolated locales excavated, however, the 
relationship between these layers remained unclear.  The original excavation had 
predominantly PPNB layers; the later phases had been mostly destroyed with only a few 
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pits and surface scatter present to suggest continued occupations.  The Beisamoun West 
projects, conversely, resulted in the discovery of an Early PN occupation, with the scatter 
suggesting even later PN phases in the form of a Wadi Rabah sherd.  Did the greater site 
stay in use from one cultural phase until the other, or were there abandonments in 
between?  Furthermore, did the same areas within the greater site continue to be used, 
suggesting that Lechevalier was correct (1978) in describing Beisamoun as a sprawling, 
organic village?  Or, rather, was greater Beisamoun in truth a series of small occupations 
that would be used for a time before being abandoned in favor of a different spot on the 
landscape?  Finally, the data have yet to provide an answer to how the later inhabitants 
viewed themselves in relation to their predecessors.  These questions made Beisamoun an 
even more tantalizing target for further excavation. 
 
4.4 – Current CNRS-IAA project (Beisamoun Pond 11) 
 The new long-term project at Beisamoun commenced in 2007, as a joint project 
between the IAA and CNRS, under the direction of Dr. Fanny Bocquentin and Dr. 
Hamoudi Khalaily.  The project was initially designed to search for the PPNB 
occupation, in order to better understand the size and organization of the Early Neolithic 
site.  Another goal was to expose a small portion of the site to ascertain the degree of 
preservation of the Neolithic phase and to gain an understanding of the relationship 
between the different phases of occupation.  Owing to the expected size of the project, 
the goals were not designed to be a comprehensive look at the entire Neolithic 
occupation, but rather an intensive view of a select few structures to better understand 
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how the larger site was organized (Bocquentin, Khalaily et al. 2014). 
 Fishpond 11 was selected for the project for several reasons.  First, the basin had 
been effectively abandoned after the removal of the fishpond, unlike the surrounding 
basins that had been heavily used as agricultural fields.  It was hoped that there would be 
a corresponding increase in preservation compared to the surrounding ponds.  The lack of 
agricultural usage also meant that the team had permission from the owners (Kibbutz 
Manarra) to use the basin at their convenience.  Furthermore, the 1971 archaeological 
survey within Pond 11 yielded far less surface scatter than from the surrounding ponds, 
which was taken as an indication that the underlying archaeology was better preserved 
than the intensely disturbed surrounding fields (Figure 4.06).  Finally, Pond 11 was 
reasoned to be in the center of the known occupation area, and the location most likely to 
answer the desired questions (Khalaily and Bocquentin 2008). 
In 2007, an area of approximately 3000 m2 was mechanically cleared inside Pond 
11, and three test trenches were excavated (Figures 4.01, 4.07).  These trenches revealed 
several archaeological layers rich in Neolithic material culture.  Trenches 1 and 2 were 
placed in a north-south line along the eastern edge of the pond, while Trench 3 runs east-
west along the north-east of the pond.  A wide area was opened along the southern edge 
of the pond, named Sector E.  In 2008, a second excavation area, Sector F, was opened to 
the northern end of the pond, expanding outward from a plaster surface revealed by 
Trench 3.  In 2011, a further four trenches were mechanically excavated in the area 
surrounding the excavation; three were outside Pond 11 and one was inside.  To date, the 
two sectors are about 20 m apart and cover a total excavation area of approximately
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Figure 4.06 – The fishpond that gave Pond 11 its name, looking to the W-SW, ca. 1960s-1970s.  
In the foreground are local fishermen working in the pond.  J. Perrot can be seen surveying in the 
background.  The modern road was built up along the southern end, creating an artificial slope, 
and further burying the surface.  The area of Sector E is marked in a dashed line; note that the 
fishpond cuts into the eastern portion of the sector.  Photograph courtesy of the CRFJ.	  
 
300 m2. Over 100,000 artifacts have been recovered as of the 2014 season (Bocquentin, 
pers. comm.).   
The two sectors are set up on a grid aligned N-S.  The grid is divided up into 2x2 
m squares, which are further subdivided into four 1x1 m excavation units.  These units 
are dug following the décapage approach (Leroi-Gourhan 1950), in which the 
archaeology is generally exposed in contemporaneous levels, allowing for a wide area of 
a single time-slice across the site.  Architecture, structures, and other significant features 
are recorded as loci and are left in situ for as long as possible.  Each individual 
excavation activity is recorded with a unique catalogue number, which forms the basic
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Figure 4.07 – Close-up of the Pond 11 site.  The two sectors (white boxes) and seven trenches 
(yellow boxes) are shown.  The difference between the red-brown and clayey agricultural soil of 
the fields and the white-gray marls of Pond 10 is clear; the boundary appears to be just east of 
Pond 11 (approximately around the yellow arrow).  The elliptical dashed line shows the extent of 
the carbonatic silty-sandy clay loam unit containing microartifacts, discussed in Chapter 6 
(Section 6.3.5).  Image from GoogleEarth ©2014 DigitalGlobe.	  
 
for data management at the site.  Artifacts of significance (often defined depending on 
their context) are given x, y, and z coordinates and specific numbers within the catalogue 
system.   All materials from loci are sieved or wet sieved, depending on the context. 
 
4.5 – Pond 11 stratigraphy 
 Currently, it is thought that Sector E contains at least five distinct 
lithostratigraphic units, and Sector F has six such units.  These lithostratigraphic units 
were defined in the field and are predominantly proscribed based upon the expected 
characteristics.  These units will be discussed more fully below. 
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 The content and origins of these stratigraphic units are of significant importance 
to understanding the archaeology found within.  A number of successive architectural 
phases have been found within both sectors, though these are often built into each other 
in such a way that it is difficult to reconstruct the occupational history of the site.  
Questions about the site arise from these uncertainties.  What were the sediments inputs 
that formed the site?  Is there evidence for soil development?  What was the landscape 
like when the site was originally constructed?   
 Among the largest questions about the site is where it is situated within the 
framework of the south Levantine Neolithic.  Poor preservation of organic materials at 
the site has limited the availability of radiocarbon dates.  At the moment, only the two 
bottommost layers of Sector E can be well dated, indicating that these two phases of the 
site existed from ca. 7,100 to 6,550 cal. BCE, during the generally agreed upon timing for 
the PPNC.  The relationships of the strata to each other, and the relationship of the sectors 
to the large site, are not well understood.  To that end, my work at Beisamoun is largely 
aimed at discerning the deposition and post-depositional processes at Beisamoun that 
may add context to this discussion.  With the dearth of absolute dates, the material culture 
provides the best estimate of the chronological phasing at the Pond 11.  Differentiating 
between these brief periods via artifactual assemblages is not without problems (Khalaily 
2009; Nadel and Nadler-Uziel 2011; Rosenberg 2010).  Therefore, our ability to 
understand these items and their relationships to the remnant architecture and to the 
surrounding layers hinges on a full understanding of those layers and the site formation 
processes that have affected the placement and preservation of materials. 
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 I present brief summaries of the different strata and their material culture below.  
The details are summarized in tables in each section.  Full descriptions of the excavations 
results are found in the preliminary excavation reports (Bocquentin et al. 2009, 2010, 
2012, 2013; Bocquentin, Samuelian et al. 2011; Bocquentin, Greenberg et al. 2014; 
Khalaily and Bocquentin 2008, 2010, 2012) and our recent publication (Bocquentin, 
Khalaily et al. 2014).  Note that unit designations follow the field designations, and are 
thus unique to each sector or trench.  For example, Trench 1, Unit A (Unit Tr.1: A) is not 
equivalent to Trench 7, Unit A (Unit Tr.7: A) or Sector F, Layer A (Sector F: A).   
 
4.5.1 – Trenches 1, 2, and 3 
 The Trench 1 and Trench 2 profiles have very similar units, though the 
thicknesses of the units differ (summarized in Table 4.1).  The bottommost layer in both 
(Tr.1: D, Tr.2: D) was homogenous, compact, dark brown clay (Figures 4.08 and 4.09). 
The excavators suspected that this layer was sterile lacustrine sediment from the Hula, 
though I suspect that this clay is similar to the basal PPNB clay layer found in Pond 2 
(and possibly in Beisamoun West), based upon the field description.  I discuss a possible 
connection between this unit, Trench 6, and Sector F in Section 7.3.1. 
 The descriptions that follow are the best currently available.  Layers C is 
described as brown sediment with gray sand, clay, and pebble inclusions.  Layer B 
contains several units of gray, brown, and yellow sediment described by the excavators as 
fine-grained.   Artifacts were recovered from within these layers.  When the trenches 
were dug, Pond 11 was thought to be a PPNB site, and the artifacts were attributed  
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Figure 4.08 – Photographs of the Trench 1 and Trench 2 profiles.  The lithostratigraphic units are very 
similar, in spite of the different thicknesses.  In Trench 1, the dark Tr.1:D is strongly eroded to the south.  
Layer D is covered with several thick yellow-brown and grey units (B and C) that contained Neolithic 
artifacts.  Photograph by F. Bocquentin.	  
 
thusly.  They are more likely to date to the PPNC (F. Bocquentin, pers. comm.).  Above 
these layers is a series of black sediments.  These relate both to the upper phases of the 
site and to the fishpond construction.  
Trench 3 was on the western side of the basin, running west to east, directly into 
the archaeological strata of Sector F (Figure 4.07).  The salient points of Trench 3 are that 
it also demonstrates a basal level of dark brown clay (Tr.3:E), covered by brown clay 
(Tr.3:C and D) and gray-brown silty (Tr.3:B) sediment that contained Neolithic 
archaeological remains, including remnants of two plaster surfaces (Floor 1486 and 
1487).  In contrast to Trench 1, in which the archaeological strata reached over 1 m, the 
Trench 3 strata are thinner, < 1 m at their widest point. 
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Unit Field description Field notes 
Trench 1 
Tr.1: A1 Black sediment, crumbles when dry 
Modern material Tr.1: A2 Thin layer of small limestone stones 
Tr.1: A3 Black sediment with orange inclusions 
Tr.1: B1 Grey-brown fine grained sediment 
Neolithic artifacts Tr.1: B2 Yellow-brown, compact sediment 
Tr.1: C Brown, compact sediment with inclusions of clay and small pebbles 
Tr.1: D Homogenous dark brown, compact clay Sterile. 
Trench 2 
Tr.2: A1 Black, coarse-grained topsoil 
Modern material 
Tr.2: A2 Black, coarse-grained topsoil with orange inclusion 
Tr.2: B1 Yellow-brown, fine grained sediment 
Neolithic artifacts Tr.2: B2 Pink-brown, fine grained compact sediment 
Tr.2: C Dark brown coarse sediment with grain inclusions 
Tr.2: D Homogenous dark brown, compact clay Sterile 
Trench 3 
Tr.3: A Black, humic topsoil Modern material 
Tr.3: B Gray-brown, fine grains sediment [Only in the east] Artifacts, plaster  
Tr.3: C Brown sediment, numerous stone inclusions [Only in the west] Neolithic artifacts 
Tr.3: D Brown clay with orange inclusions Artifacts, plaster 
Tr.3: E Black clay with inclusions of orange clay, charcoal, shell Sterile? 
Table 4.1 – Field descriptions of the layers found in Trenches 1, 2, and 3.  These descriptions 
are the best currently available, based on excavator notes. 
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4.5.2 – Trenches 4, 5, 6, and 7  
 In 2011, four additional trenches were mechanically excavated in order to better 
understand the landscape, expanse, and stratigraphy of the Pond 11 occupation (Figure 
4.07).  These four trenches revealed much information, but were not thought at the time 
to show direct archaeological connection to the excavated sectors of Pond 11.  My 
analysis has shown that this is not the case.  The information from the trenches is quite 
useful, both for our understanding of the formation processes at the site, and for our 
understanding of the stratigraphy of Pond 11.  The micromorphological results of these 
trenches will be discussed in depth in Chapters 6 and 7.  What follows are key points 
from the field-descriptions and other analyses of these trenches. 
 Trench 4 and 5 were excavated to the west of the Pond 11 site, along the edges of 
the current agricultural fields (Figures 4.07, 4.10 and Table 4.2).  The bottom two layers 
of both of these trenches are the most interesting for the present discussion.  The base of 
Trench 4 (Tr.4:C) was a thin layer that was very rich in laminar flint debitage and tools, 
embedded into a small amount of clayey sediment/soil with carbonate crusts.  Over 7,000 
artifacts were recovered from a small sample of this lens, almost all of which related to 
bi-polar tool production; they were described as fresh, without signs of weathering or 
rolling.  Based upon the technology, this deposit has been tentatively ascribed to the M or 
LPPNB, and interpreted as an in-situ waste-pit from a knapping workshop (see Khalaily 
in Bocquentin, Samuelian et al. 2011:41–41).  The implication is that PPNB Beisamoun 
extended further west than originally thought (Bocquentin, Khalaily et al. 2014).  These 
artifacts were covered by ~ 80 cm of reddish-brown silty sand with clay inclusions.  
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Figure 4.10 – Field drawings of northern profiles of Trenches 4 and 5.  The field descriptions are 
found in Table 4.2.  The locations of relevant sample blocks are shown.  Compare these profiles 
to Figures 6.08 and 6.10, which show the results of the micromorphological analysis.  Drawings 
after Bocquentin, Samuelian et al. 2011:22.    	  
 
Unit Field description Notes  
Trench 4 
Tr.4:A1 Top soil with root zone  
Tr.4:A2 Brown clay with crumble structure and limestone gravel  
Tr.4:A3 Dark grayish brown clay with fine limestone gravel  
Tr.4:B Reddish-brown silty clay with darker brown clay-rich patches  
Tr.4:C Imbricated chert fragments with carbonate crusts  M/LPPNB lithic deposit 
Trench 5 
Tr.5:TS Top soil with root zones  
Tr.5:A Dark brown blocky silty clay with ≤ cm size gravel  Plow marks 
Tr.5:B Stone layer  
Tr.5:C Yellowish-tan loam with stones and chert artifacts Lithics; Sordariaceae NPPS 
Tr.5:D Dark brown loam with black mottles Sordariaceae NPPS 
Table 4.2 - Field descriptions of the layers found in Trenches 4 and 5. 
 
Trench 5 was different; the base level (Tr.5: D) was dark brown loam with black 
mottles.  Situated above this layer was yellow-tan loam (Tr.5: C) with stone inclusions 
and Neolithic chert artifacts.  Several species of non-pollen palynomorphs (NPPS) from 
the Sordariaceae family of fungi were recovered from these two layers.  These fungi are 
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typically coprophilous and found in eutrophic environments, such as marshes, ponds, and 
peats (Emery-Barbier in Bocquentin, Khalaily et al. 2014; Carrión et al. 2000; van Geel 
et al. 2003).  A porous stony layer (Tr.5: B) loosely caps the yellow-tan loam. 
Trench 6 was excavated east of Pond 11, within the bounds of the original survey 
area of Pond 10 (Figures 4.07, 4.11 and Table 4.3).  The pond is currently used as an 
agricultural field, surrounded by a modern dirt road and a drainage ditch. The trench was 
taken from the ~ 7-8 m wide margin between the road and the ditch, exterior to the fields.  
The base layer of the trench (Tr.6:H) is silty clay, which we suspected at the time to be 
lacustrine.  Above this layer to the east is brown clay (Tr.6:G) with inclusions of mollusk 
shells and red and black mottles.  A fragment of a degraded PPNB or PPNC plaster 
surface rested immediately on Tr.6:H, to the west of Tr.6:G.  Immediately surrounding 
the plaster surface is a lens of orange-brown silt with limestone gravel (Tr.6:F).  This 
layer contained charcoal and NPPS of saprophytic and coprophilous fungi (Bocquentin, 
Khalaily et al. 2014:79).  The other layers above the plaster floor (Tr.6: D and E) were 
silty and contained Neolithic artifacts and fragments of material interpreted as mud brick. 
Trench 7 was placed within Pond 11, ~ 40 m north of Sector F (Figure 4.07).  The 
stratigraphy of Trench 7 (Figure 4.12 and Table 4.4) is the most similar to that of Sector 
E and F of any of the trenches.  The bottommost layer (Tr.7:E) is reddish-yellow clay 
with small stones, red mottles, charcoal, Neolithic lithics and faunal remains.  Several of 
the artifacts from E, including bones, have a bright sheen on their surface (Figure 4.13).  
These sheens do not appear to be anthropomorphic in nature, suggesting that they are the 
product of a depositional or post-depositional process, such as vertic movement of clays 
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Figure 4.11 – Feld drawing of the southern profile of Trench 6. The field descriptions are found 
in Table 4.3.  The locations of relevant sample blocks are shown.  Compare this profile to Figure 
6.16, which show the results of the micromorphological analysis. The plaster surface directly atop 
Tr.6:H and a larger ‘brick’ in Tr.6:B are marked with arrows.  Drawing after Bocquentin, 
Samuelian et al. 2011:22.	  	  
Unit Field description Notes 
Tr.6:TS Top soil with root zones  
Tr.6:A Grayish brown clay with very granular structure  
Tr.6:B Brown compact silty clay ‘Mudbrick’ material 
Tr.6:C Stony layer with fragments Red ‘mudbrick’ material 
Tr.6:D Brown silty clay loam  
Tr.6:E Pinkish-brown silty clay loam  
Tr.6:F Orange-brown silt with limestone gravel Neolithic plaster floor; saprophytic and coprophilous fungi NPPS 
Tr.6:G Brown clay with black and red mottles  Inclusions of mollusk shells 
Tr.6:H Very fine (silty clay)  Infrequent lithics 
Table 4.3 – Field descriptions of the layers found in Trench 6. 	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Figure 4.12 - Feld drawing of the northern profile of Trench 7. The field descriptions are found in Table 
4.4.  The locations of relevant sample blocks are shown.  Compare this profile to Figure 6.12, which shows 
the results of the micromorphological analysis. The location of Figure 4.13 is marked with an arrow.  
Drawing after Bocquentin, Samuelian et al. 2011:22. 
 
Units Field descriptions Notes 
Tr.7:A Brown silty clay with crumb structure Mixed modern and Neolithic materials 
Tr.7:B Brown silty clay with blocky to prismatic structure with limestone gravel Glomus NPPS; Papyrus tissues; lithics 
Tr.7:C Yellow-brown cemented silty clay Glomus, Pediastrum, and Sordaria NPPS 
Tr.7:D Gray silty clay Pediastrum NPPS 
Tr.7:E Red clay with rounded pebbles and red mottles Charcoal, lithics; objects with sheen; Phragmites tissues 
 Table 4.4 – Field descriptions of the layers found in Trench 7 
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across the artifacts (L. Dubreuil and L.K. 
Horowitz, pers. comm.).  Microbotanical 
analysis has uncovered semi-aquatic reed 
fibers (Phragmites sp.) from Tr.7:H.  This 
layer is covered by the gray silty clay of 
Tr.7:D, which contains NPPS of Pediastrum.  
This freshwater algae species is common in 
all pollen zones of the Hula pollen core, but 
is known to have bloomed markedly 
towards the end of PAZ 2, which coincides 
with the paleoenvironmental and paleoecological changes of the early 7th millennium 
BCE (see Figures 3.04-3.07).  Pediastrum is often associated with shallow water and 
flooding (Emery-Barbier in Bocquentin, Khalaily et al. 2014:74-79; van Zeist et al. 
2009).   
 Pediastrum is also present in Layer Tr.7:C, along with NPPS of Glomus sp. and 
Sordaria sp., and sedge fiber (Bocquentin, Khalaily et al. 2014:79).  These species are all 
associated with wetlands and marshes.  Van Geel et al. (2003:881) has noted that Glomus 
sp. are common below old soil surfaces, because they thrive on the roots of plants.  When 
present in lake deposits, Glomus sp. is indicative of the erosion of soils in the catchment 
zone of the lake (van Geel et al. 1989).  Layer Tr.7:C appears as homogenous yellow-
brown silty clay, with very few apparent artifacts; for this reason, we originally proposed 
that the layer was alluvium.  We also noted that the upper portion of Tr.7:C is more 
Figure 4.13 – Sheen (red arrow) found on a 
fragment of bone from Tr.7:E.  A calcium 
carbonate crust is present (yellow arrows); 
these are common on many artifacts from the 
site, and are often thicker.  Photograph by L. 
Dubreuil. 
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strongly cemented than the rest of the layer (Berna and Greenberg in Bocquentin, 
Samuelian et al. 2011:23–24).    
The brown clayey loam of Tr.7: B was interpreted as a vertic soil, based on the 
blocky and prismatic structure noted in the field. The layer contained lithics tentatively 
ascribed to the Neolithic.  In addition to Glomus sp., papyrus remains are found in this 
layer.  The introduction and spread of papyrus in the Hula is not well understood (Bein 
and Horowitz 1986; van Zeist et al. 2009:59–60), but it is very rare in the Hula pollen 
record until the latter 7th millennium BCE.  Though this corresponds with PAZ 3 (and the 
PN), it is not until pre-modern times that papyrus becomes dominant.  The uppermost 
layer, Tr.7:A, contains a mixture of Neolithic artifacts, modern artifacts, and vegetal 
material. 
 
4.5.3 – The stratigraphy of Sector E 
 Sector E (Figure 4.07) is the primary sector of Pond 11.  The majority of the 
interpreted architecture and materials have been recovered from Sector E, along with all 
of the radiocarbon dates (Table 4.5).  For these reasons, the majority of my 
micromorphological work and subsequent discussion focuses on Sector E, which has five 
major strata; the archaeological remains of these strata are presented below.  Stratigraphic 
studies of the recovered material culture have not yet been completed; the descriptions 
below will focus on the architecture and burials, with other details added when they are 
available. 
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Lab # Field ID Layer Context 
C14 age year 
BP ±1σ 
Calibrated range 
year BP ±1σ 
RTT-5737 1453 I Top of layer.  Above Locus 208. 7,520±50 
8,397–8,310 BP 
(63.4%) 
RTD-7350 3055.1 Ib Top of layer.  Below Wall 346 of Layer I. 7,824±36 
8,633–8,560 BP 
(68.2%) 
RTD-7346 2643.1 Ib Top of layer.  Base of Floor 324. 7,866±38 
8,715–8,593 BP 
(68.2%) 
RTD-7347 2862.1 Ib Middle of the layer.  Inside Burial 341 7,853±36 
8,651–8,590 BP 
(57.8%) 
RTD-7349 2988.1 Ic 
Deep in the layer.  Base 
of the lower row of 
stones of Wall 301 
8,165±36 9,132–9,023 BP (68.2%) 
Table 4.5 – Radiocarbon dates from Pond 11, Sector E.  Radiocarbon analysis performed by 
E. Boaretto at the Dangoor Research Accelerator Mass Spectrometer D-REAMS 
RAdiocarbon Laboratory at the Weizmann Institute of Science.    
 
	  
Figure 4.14 –The multi-phase Structure 354 in Sector E: Layer Ic.  The massive wall 373 (black) 
was first, upon which wall 318 (yellow).  Walls 330, 401, and 403 are thought to be 
contemporary with 318. Note the collapse of Wall 401 (yellow arrow).  Wall 398 is higher, but 
still within Layer Ic.  Note that there are two courses of foundation stones in Wall 301/373 (white 
arrows) separated by many cm.  This wall construction is discussed in Section 6.4.2.  The location 
of the sole Layer Ic radiocarbon date is circled in white.  The scale is 1 m. Photograph by F. 
Bocquentin. 
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Sector E: Ic 
 The deepest layer thus far uncovered within Sector E is Layer Ic (see the map in 
Figure 6.27).  This very compact pinkish-brown silty clay loam is found across the sector.  
The silty clay loam is quite dense and compact, and was nicknamed “Ib-crispy” in the 
field to reflect how difficult it is to scratch.  Despite its density, the fabric appears to have 
numerous mm-sized voids, and once it is broken Layer Ic easily crumbles into a fine 
powder.  In most cases it was very difficult to observe the difference between the bottom 
of Ib and the top of Ic; texture was a better guide than appearance for the excavators. 
 The major architectural feature of Layer Ic is the multi-phase Structure 354 
(Figure 4.14).  This large, rectangular structure has only been partially exposed.  The 
main feature of this structure is a large, multicourse wall (301 and 315 for the top course, 
and 373 for the bottom course), which together are more than 20 m long.  The NE corner 
of the structure has been destroyed by a pit from the topmost Layer 0, and probably 
removed long before.  Though it is only partially exposed, Structure 354 appears to be 
quite large by Neolithic standards, with room partitions and a NE-SW orientation 
(Bocquentin, Khalaily et al. 2014; Lechevallier 1978).  It was along the base of this wall 
that the earliest radiocarbon date was recovered (ca. late 8th millennium BCE).  Little is 
known yet of the use of this structure.  Both hearths and earthen floors have been found.  
The excavation team has hypothesized that Structure 354 remained visible, or was at least 
remembered (Figure 4.15), during the subsequent occupation phases (see Section 6.4.2).  
The base of the Layer Ic has not yet been found, so we do not yet know if these walls 
were themselves repetitions of earlier structures. 
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Sector E: Ib  
Ib is a dense pinkish-brown silty-sandy clay loam that occurs as a thick layer 
across the whole sector.  It is filled with many small inclusions of charcoal, clay, and 
ochre.  The material often exhibits mm-sized voids.  The thick layer was itself devoid of  
permanent architecture, though there is evidence to suggest that semi-permanent 
structures were built.  A sequence of shallow, oval pits (Loci 351 and 340), with a hearth 
(Locus 339) and gravel surface (Locus 342) found to the east of Structure 354.  These 
pits are lined with shells, pebbles, and fragments of plaster, and are reminiscent of 
subterranean houses at PPNC Ashkelon (Bocquentin, Khalaily et al. 2014:25; Garfinkel 
and Dag 2008).  Excluding these pits, there is ample evidence that the site continued to be 
used, despite being uninhabited.  At least seven burials (almost 50% of the total number 
for the site, as of 2014) are represented in this layer.  Many are associated with walls, 
reflecting a standard element of PPNB symbolism.  Two of these burials were cremation 
burials, including one (Locus 338) within a specifically designed structure (see Figure 
6.36).  Despite their burnt state, the remains were well preserved, leading to the 
hypothesis that they were left undisturbed after their burning (Bocquentin in Bocquentin, 
Khalaily et al., 2014: 34).  No ceiling was found on the structure, and part of the wall 
slumps into the pit, with Layer Ib sediment covering the ashy fill at the base of the pit.  
We hypothesize that the pit may have been left open after burning (or the ceiling 
degraded).  This type of funerary treatment is otherwise unknown from the PPNC of the 
southern Levant (see discussion of Tell el-Kerkh in Section 2.4.3).    
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Figure 4.15 – The reuse of Structure 354 in Sector E.  Layer Ic walls (W) and surfaces (S), are in 
white.  Later burials (B) were placed along the walls in the following Layer Ib phase (yellow).  
Note that Burial 337 is one of the several cremated burials that are found in Pond 11.  Cremation 
pit 338 is out of view, to the east of Wall 301/373.  Layer I walls and floors from Structure 306 
(black) can be seen following the orientation of the earlier Structure 354.  Scale is 1 m. 
Photograph by F. Bocquentin.	  
 
 Though the burials and oval pits indicate that Pond 11 was being used alongside 
the deposition of Layer Ib, there are a number of signs that the site was left semi-
abandoned.  In addition to the lack of architectural additions, there are signs that 
Structure 354 was actively degrading.  Masses of earthen materials were found 
throughout Layer Ib, both as independent cobble-sized fragments in the deposit, and as 
larger masses on surfaces and near walls.  The material was porous sandy-clay, with 
visible charcoal inclusions and pores, and came in a variety of colors (red, white, yellow, 
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pink, and tan were all used by excavators).  These were tentatively called ‘brick’.  Other 
masses were denser, and lacked the porosity, and were called ‘adobe’ or pisé.  These 
fragments were not clearly shaped, and their attributions could not be tested in the field.  
This material was often difficult to recognize from the layer itself, and was often only 
identified after it had been partially removed by the excavator.  These materials are 
examined in Chapter 6.  In addition to the signs of collapse, NPPS of eutrophic and 
coprophilous are found in higher percentages in Layer Ib than in other strata (Emery-
Barbier in Bocquentin, Khalaily et al. 2014:79).  
 
Sector E: I (upper and lower phases) 
Layer I is situated above Layer Ib (Figure 4.16).  Different excavators have 
variably described this soil/sediment, but on the whole it is a gray-brown to yellowish 
clay loam that darkens to black near architecture.  The clay loam is dense, but friable, 
breaking easily into irregularly shaped angular peds a few cm in size.  The layer is eroded 
to the N-NE of the site.  Though no radiocarbon dates have been recovered from within 
this period, a date of 8,633 – 8,560 cal BP (see Table 4.5) was recovered from the top of 
Layer Ib immediately below Wall 346, and a date of 8,397 – 8,310 cal BP was recovered 
from a collapse layer at the top of Layer I, thus serving as approximate end- and start-
dates for Layer I.     
There are two architectural phases in Layer I, an upper and lower phase (see 
Figure 6.37).  The lower phase is much better preserved, and has enabled reconstruction 
of the main architectural feature, Structure 306.  This large, multi-cellular, rectangular is 
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oriented NW-SE, and has been tentatively identified as a domestic structure (Figure 
4.16).   The northern limit was a collapsed wall of stones that was built immediately upon 
part of the massive earlier W.301.   The interior walls are thinner, usually only a single 
course and line of medium sized stones. The western exterior wall is absent, though the 
edge of the structure lines up perfectly with an earlier wall (W.318) which is found 30 cm 
below the base of Structure 306.  It was hypothesized that the earthen walls of Structure 
354 were still extant at this time, and were incorporated into the new building; this is 
tested in Chapter 6.  Several floors of varying construction were found within Structure 
306.  Pebble and marine/lacustrine shell floor 306 was the largest surface, and abutted the 
rebuilt W.301.  Cobble surface F. 325 is has a sharp boundary against plaster floor F.334 
(see Figure 4.15).  There were several layers of plaster in F. 334, some of which were 
colored red  (the plaster itself was red, rather than being painted).   The floors were 
highly degraded. 
The upper phase of Layer I contains numerous structural elements spread across 
the whole sector except for the NE corner.  These elements were heavily damaged, 
presumably by the digging of the fishpond, and were completely destroyed in the NE 
corner.  The degree of destruction makes these elements impossible to reconstruct 
(Samuelian and Bocquentin in Bocquentin, Khalaily et al. 2014:26). 
A stratigraphic examination of bone tools at Pond 11 suggests an increase during 
Layer I, both in total number (making up over 60% of the assemblage), and in tool type 
(Le Dosseur in Bocquentin, Khalaily et al. 2014:68–69).  During this period, sheep/goat 
and mountain gazelle make their first appearance in the faunal record, and the percentage 
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Figure 4.16 – Structure 306 in Sector E: Layer I, in 2011.  The walls and surfaces of Layer I (white) are 
built over the remains of Structure 354 (yellow).  Compare this figure to 4.14, 4.15.  Three of the interior 
rooms are seen (F. 314, and shell/pebble F.306, bisected by W.308).  Occupational surface S.320 is seen 
outside of the structure; several artifacts were recovered laying flat on this level.  The walls and platform of 
structure or feature 205 can be seen in the far east of the sector.  Very few burials are known from Layer I; 
child burial B. 321 was placed against the reintegrated ancient W.301.  Photograph by F. Bocquentin.	  
 
of boar remains drops significantly (from 70.8% of the Ib assemblage to 42.2% in I).  The 
majority of the boars are immature animals, whereas caprines and gazelle were adult 
animals. Bird and fish remains are very rare, despite the proximity of the site to the Hula 
(Bocquentin, Khalaily et al. 2014:82–97).   
 
Sector E: 0a 
 Layer 0a is dark brown silty clay, which is plastic and compact when moist, and 
friable and crumbly when dry.  Layer 0a is 10–30 cm thick in the SW–W corner of the 
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Figure 4.17 – Remains of the Layer 0a occupation in Sector E.  Parallel walls W.322 and W.358 
are associated with stone features (349, 363, 364).   The walls are situated above earlier Layer I 
architecture (yellow) and the much older Layer Ic architecture (white).  The Layer 0a walls are at 
a different orientation, however, unlike Layer Ic and I, which shared orientations.  The blue line 
shows the location of the profile in Figure 4.18.  Scale is 1 m.  Photograph by F. Bocquentin.	  
 
site, but only exists as a thin lens to the south, and is not found in the rest of the sector.   
The interpretation is that Layer 0a was mostly removed during the long abandonment of 
the site and the recent construction of the fishpond. 
 Although very little remains of Layer 0a (see Figure 6.40), there are a few 
intriguing key points.  A pair of parallel walls (W.322 and W.358) and a cobble surface 
directly overlays Structure 306 (Figure 4.17), though at a different orientation from the 
earlier structure.  To the west of the sector we found the corner stones of a large wall.  
Associated with this corner were remnants of plaster floors (F. 360) and a pebble and 
 126 
shell surface F. 369.  Of note is that the northern wall, W. 362, is situated exactly over W. 
315/373 (see Figure 6.33), which would have been several centuries old at this point.  
The two stonewall foundations are separated by 20-30 cm, leading to the hypothesis that 
portions of the earthen walls of 354 were still standing during the Layer 0a phase.  I 
confirm this hypothesis through micromorphology, discussed in Chapters 6 and 7. 
Faunal remains in Layer 0a follow the same pattern as those in Layer I.  One 
proposed explanation for the age profiles and the lack of birds is that Layers 0a and I 
(perhaps even earlier) represent seasonal occupation, which focused on hunting during 
the summer, while also keeping herds of goats, sheep, and cows (Bocquentin, Khalaily et 
al. 2014:87).  No burials have been found in this layer.   
 
Sector E: 0 and 0* 
 The uppermost stratum of Sector E is Layer 0.  This layer is a mixture of clays, 
vegetal matter, gravel, and artifacts from numerous periods.  The layer necessarily varies 
across the sector, depending upon the degree of erosion in each part of the sector.  In 
some areas of the sector, Layer 0 is many cm thick, whereas other areas has one a few cm 
of mixed surface material.   
A unique material is found in the southwestern area of Sector E, known 
tentatively as 0-Star (0*).  Unit 0* is only found above 0a, when it is found at all and is 
comprised of dark brown to dark black, dense and compact clay.  This layer is found 
above a thin stony layer, containing small and typically angular pebbles and cobbles.   
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Figure 4.18 – Representative section from Sector E.  The southern profile of T7a/d was 
photographed and drawn in 2014.  The sharp contrast between Layer 0a/I is clear in the section; 
the sediment 0a and soil 0* are richer in clays than the silty clay loams of I, Ib, and Ic.  The 
erosion of Layer I and Layer Ic are evidenced by the undulating surface and sharp contact.  Note 
that Layer Ib does not extend across the section; this is because of the presence of Structure 306.  
Photograph by F. Bocquentin. 	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Excavators have reported that this layer is very difficult to dig through.  This material 
was at first hypothesized to be alluvium, but the revised hypothesis is that it an A-horizon 
of a well-developed vertisol (O. Ackermann, pers. comm.) forming from the clay-rich 
Layer 0a parent material. 
 
4.5.4 – Sector F 
Sector F (Figure 4.07) has been less studied than Sector E.   It was opened later, 
and has been much more affected by disturbances such as seasonal pooling and 
bioturbation.  Furthermore, the archaeological remains in Sector F are not well 
associated, making them difficult to interpret.  Additionally, no radiocarbon dates have 
been recovered from Sector F.  To date, seven different stratigraphic layers have been 
found within Sector F, some of which appear to be generally contemporaneous lenses or 
facies (Figure 4.19).  Some of the designations of the strata (specifically Layer A) have 
changed over the years of the project; the following descriptions are up to date, though 
they may be in disagreement with the earliest publications (e.g., Khalaily and Bocquentin 
2010:1).  Despite the architectural phases within F, it is currently thought that the area 
represented more of a task specific activity area, rather than a domestic space like Sector 
E.  For the reasons listed above, Sector F is less directly relevant to the main questions of 
this dissertation.  Therefore, only the key points are presented below. 
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Figure 4.19 – The general plan of Sector F, showing the intensity of rebuilding and construction.  
Compare this figure again Figure 6.20, which emphasizes the different strata.  Unlike the remains 
of Sector E, the Sector F remains are spread out more widely, rather than built up vertically.  
Specific loci are highlighted.  The red line in X26 is the location of a profile (Figure 6.25).  Map 
by F. Bocquentin. 
 
Sector F: The central area  
Sector F contains a convoluted sequence of walls, floors, and features that intersect 
and cut through each other, making it very difficult to reconstruct the architecture in the 
sector.  The lowest phase thus far found in this area was Layer C, very fine yellow-gray 
sediment that is compact but friable.  No architecture is found in this layer, but only a few 
square meters have yet been exposed.  The gray-brown sandy clay of Layers B and the 
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powdery, yellow sandy clay of B1 are found side by side above Layer C.  The two units 
were not easily distinguished in the field, and the contact between the two is poorly known.  
Layer B is similar to the field descriptions of Tr.3:B. 
Layers B and B1 contained two phases of architecture (see Figure 4.20).  The 
lower of the architectural phases revealed several more walls, some quite substantive (W. 
245), while some are just a single line of stones (W. 218, 252, 254); some walls 
incorporate stone of varying size and broken vessels in their construction.  It is 
hypothesized that these walls will prove to be corners of a single structure, but that will 
require further excavation.  In the upper phase, W. 228 is in perfect alignment and 
orientation with W. 245, despite a gap of many cm between the two elevations, implying 
a later addition or reconstruction upon an earlier wall.  There are numerous other features, 
walls, and floor remnants in this upper occupation area, most notably a large, well made 
plaster floor (F. 209).  This floor had a large, 10 cm deep pit cut into it (L. 217). Within 
the pit, a piece of basalt was discovered on top of a thin layer of plaster above a human 
mandibular condyle; no associated cranium or post-cranium was found.  While L. 217 
necessarily post-dates F. 209, cranial removal and caching implies either that the floor 
dates to the PPNB, or that the burial practice continues into the PPNC at Beisamoun.  
The majority of artifacts from Sector F are attributed to Layer B.  It is currently 
unclear if this accumulation is an accurate reflection of the anthropogenic usage of Layer 
B, or rather a post-depositional concentration of artifacts by bioturbation.  The 
preliminary results suggest that flake and bladelet production were dominant in during  
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Figure 4.20 – Phases of building in Sector F.  Many of the features and structural elements in 
Sector F intersect and disrupt each other, such as the massive feature L. 235, which disrupted a 
plaster surface L.239 and buried older features.  Some features were rebuilt or extended, such as 
W.228, which is an extension of W.245, but at a higher elevation.  In between the two (arrow), 
excavators found a sharp N-S contact in the sediment, suggesting a strong difference between 
interior and exterior sediments.  The red bar marks the location of the drawn profile of X26 
(Figure 6.25).  Photograph by F. Bocquentin. 
  
this time.  Faunal assemblages in Layer B are very similar to those from Sector E: Layer 
I, which may suggest that they are contemporary (Bocquentin, Khalaily et al. 2014:82).  
Also found within this phase was a collection of unarticulated burnt human bones (L. 
246), resting alongside W. 245.  This collection is interpreted as the remains of a 
cremation burial placed near architecture, though it was unclear in the field if they were 
in primary or secondary context. 
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Sector F: The western area 
 Different sediment/soil units were found exterior to the main architectural area of 
Sector F.  The lowest exposed unit is an eroded, black-brown clay loam, called 01.  This 
unit may be equivalent to Tr.3: E.  This unit is found to cover a wide expanse west of the 
main structures, and contained six burials.  The burials included both primary and 
secondary burials, as well as the secondary deposit of a cremation.  Several of these 
burials were associated with earlier walls; the suggestion is that the remains of 
architecture from earlier occupations were visible or still known, and were used for burial 
purposes.  One of the secondary burials contains an organized mixture of human bones 
and animal bones, almost all of which are fragments of a single pig skull.  This 
association has a parallel in graves found at the PPNC levels of ‘Ain Ghazal in Jordan, 
where the pig bones were considered grave offerings and unique to the PPNC layers 
(Bocquentin in Bocquentin, Khalaily et al. 2014:40).  Burial 276, found deep within the 
01 layer, was a primary flexed burial of an adult with a removed cranium (Figure 4.21).  
As with L.217, such a practice is very rare for the PPNC.  
Along the western side of the sector a horizontally limited facie was found: Layer 
D.  This unit is brown to pink, fine-grained and friable clay; it likely corresponds to 
Tr.3:D.  It follows a downward slope towards the S-SW area of the sector; it both sits on 
top of, and appears to cut into, the underlying Layer 01.  The major archaeological 
feature of Layer D is a massive (3.2 x 2.6 m) stone pit (L. 235), full of medium to large, 
angular, burnt limestone fragments.  Brick fragments have been recovered from this 
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Figure 4.21 – Burial 276 below Layer 01.  The adult primary burial was flexed and placed into 
the dark brown clays.  The cranium has been removed, although the mandible (arrow) was left in 
the burial. Photograph by F. Bocquentin. 
 
feature, as well, though it was otherwise entirely devoid of artifacts.  It has been 
interpreted as a kiln (Bocquentin, Khalaily et al. 2014).  This feature truncates earlier 
archaeological features and is considered to be the latest archaeological feature found 
within Sector F.  This feature is evidence for the reuse of areas of the site, but not a reuse 
of the features of the site. 
 
4.5.4 – Summary of Pond 11 
 The strata revealed in Sector E show a similar pattern to the upper layers of 
Trenches 1 and 2: dark, friable material overlying several thick layers of light, silty clay 
and silty clay loam (Sector E:Ic, Ib, I).  Within the trenches these layers sat above a dark 
 134 
colored clay material that has not yet been found within the sector.  The thickness of the 
combined light colored silty clay loam layers mirror the observations of Trench 1 that 
Tr.1:D is eroded to the south and covered by thick deposits of Tr.1:B and C.  Sector F 
shows a similar light colored, silty clay and silty clay loam (Sector F:B).  In Sector F, 
however, the topmost clay-rich layer is absent, likely as a result of erosion and modern 
activity.  The dark clay along the base of the exterior of the architectural regions is 
reminiscent of the clay layer at the base of Trenches 1, 2, and 3.  
Sector F is a complicated area within the Pond 11 locale.  Unlike Sector E that has 
clear indications of phases of domestic use, the activity spaces within Sector F are poorly 
understood and the structural remains that do exist do not enable easy comparison with 
contemporaneous sites.  Layer 01, for example, has burials that include cremation burials, 
primary burials, and, if the attribution of 276 is correct, a burial with cranial removal.  
This fusion of practices suggests that either the PPNC funerary behaviors were quite 
varied, or that our model of Sector F stratigraphy is incomplete.  The material within 
Sector E, though not yet analyzed spatially, clearly indicates a Neolithic occupation with 
material cultural links to both the PPNB and the early PN.  Preliminary reports on the 
lithics, faunal assemblages, bone tool, and groundstone assemblages all indicate a 
synthesis of both PPNB practices and early PN practices in the PPNC.  More intriguing is 
the very small ceramic assemblage recovered from Pond 11.  Twelve sherds from the 
assemblage (total n=72) are thought to be from secure contexts, and these are found in 
almost every layer of Sector E (Ic, Ib, and 0a) and in two layers of F (D and 01).  The 
only layers to have multiple sherds, however, were Ib (3) and 0a (5) (Vieugué in 
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Bocquentin, Greenberg et al. 2014).  Together these artifact assemblages support the 
interpretation that Pond 11 is a PPNC occupation.    
 
4.6 – Archaeological questions arising from Pond 11 
The picture that emerges from the archaeological work at Beisamoun Pond 11 is 
one of a multiphase site that existed from the late 8th to the early 7th millennium BCE, 
with PPNC material culture.  Without the ability to do spatial analysis or stratigraphic 
analysis of artifacts it is difficult to say more at the moment about the precise timing of 
the phases or contemporaneous use of space.  These analyses will be undertaken and 
published in the future.  
Although the Pond 11 was occupied throughout the PPNC, the architecture at the 
site provides indications of both continuity and discontinuity of occupation.  The former 
is suggested by the reuse of materials, features, and the continuation of building traditions 
from Layer Ic to Layer I.  The latter is suggested by periods of thick deposition (such as 
Layer Ib) and a disruption of earlier orientations and building designs (the stratigraphic 
break between Layers I and 0a and the destruction of material during the building of L. 
235).  The natures of these two discontinuities are important puzzles in our ability to 
interpret the overall growth of the Pond 11 occupation, and how the community changed 
over time.  
 These observations of the greater Beisamoun archaeology lead to several specific 
questions about Beisamoun Pond 11: 
1.  Is there a way to connect the Pond 11 site to the wider Beisamoun complex? 
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2.  What is the relationship between the two Pond 11 sectors? 
3.  Do the phases of occupation represent a quick succession of occupations, or 
long periods of abandonment? 
4.  Can the archaeology suggest anything about the worldview of the inhabitants  
  of Pond 11? 
5.  How secure are the contexts of the data being recovered? 
 
Micromorphological analysis provides a unique vantage point from which to 
examine contextual data and microartifact assemblages, and is particularly useful for 
these questions.  In the following chapter, I present several specific corollaries to these 
questions that will help me address these issues.  I will then discuss how the data are 
collected and analyzed, and how they may be germane to the wider questions about Pond 
11, further enabling Pond 11 to be understood within the context of the Early-Late 
Neolithic cultural transition of the 7th millennium BCE.  These discussions will showcase 
the importance of such microstratigraphic methodologies, particularly in situations like 
this in which stratigraphic analyses of the material culture are not yet complete.	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Chapter 5 – Methodologies and project design 
 
5.1 – Introduction 
 In the previous chapters I demonstrate how the archaeological record reveals large 
changes in Neolithic socio-cultural patterns during the 8th to 7th millennium BCE.  
Relationships between the northern and southern Levant, and relationships between the 
PPNB and early PN, are obscured by too many gaps in our knowledge.  In short, there are 
too few known sites that date to this period that can help us understand the subtle 
complexity of the transition.  Beisamoun Pond 11 has the potential to help fill this 
knowledge gap.   
The reviews of the Hula Valley, the 7th millennium BCE, and the archaeology of 
Beisamoun in the previous chapters have brought up a number of questions concerning 
the intersection of human activity, the landscape, and archaeological preservation (see 
Section 4.6).  These reviews have highlighted the fact that in order to properly understand 
change at Pond 11, we must understand how the site fits into the landscape, how one 
stratigraphic layer relates to another, the preservation of the recovered artifacts, and how 
trustworthy they are at a site that has undergone such heavy erosion and usage in modern 
times.  We should therefore rely on an analytical tool uniquely capable of studying with 
these issues: micromorphology.  In order attain useful results, however, it is important to 
ask the proper questions.
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Specific micro-stratigraphic questions arising from the data: 
• What are the sedimentary inputs or pedogenic processes that contributed to the 
current Pond 11 stratigraphy? 
• Do the strata from the sectors and trenches suggest a relationship to each other? 
• Are the data recovered from within the sectors in good context? 
• What were the post-depositional processes at the Pond 11 site and how do they 
contribute to the integrity of the archaeological remains? 
 
This chapter will set the stage for these discussions by introducing a brief review of 
micromorphology.  I then present the project design and give details about my sampling 
process and the materials and equipment that I used.  Micromorphological analysis makes 
use of many specialized terms; in this chapter I provide explanations and definitions for 
the nomenclature that I use in the rest of the dissertation.  The chapter concludes with a 
description of my analysis process and data system. 
 
5.2 – The study of sediments and soils 
 
5.2.1 – The history of soil and sediment research 
 Geoarchaeology is described simply as the application of geoscience 
methodologies to ask and answer archaeological questions (Goldberg and Macphail 2006; 
Rapp and Hill 1998; Waters 1992), a definition that allows multiple scales and methods 
of inquiry.  An awareness of geology among archaeologists is not new; prehistorians in 
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the 19th and early 20th century often had significant background knowledge of geological 
or sedimentological principles.  Despite this familiarity however, it would take a number 
of decades before such principles were explicitly used in archaeology, and even more so 
for non-prehistoric periods (Butzer 1960, 1973; Herz and Garrison 1997).  These 
approaches drew much interest and discussion about the necessity of these types of 
knowledge for archaeological work.  As Colin Renfrew stated: “every archaeological 
problem begins as a problem in geoarchaeology” (1976:2).  Unfortunately, the growing 
interest and discussion has not generated an equivalent increase in geoarchaeological 
projects.   
 Geoarchaeological studies take place at multiple scales of inquiry, and use a wide 
array of techniques and tools that range from the regional to the microscopic and 
molecular (for reviews of the techniques at different scales see: Goldberg and Macphail 
2006; Weiner 2010).  An effective microscale methodology of geoarchaeology is 
micromorphology.  This technique was gradually introduced into archaeology in the 
1980s (Goldberg 1980), and it has grown popular in archaeology since then (see Stoops 
2014 for a bibliometric analysis of micromorphology in literature).  Micromorphological 
studies have been used to describe natural processes of sedimentation and pedogenesis 
(soil formation), such as bedding within Paleolithic cave sites (Goldberg 1979), to 
studying bioturbation in cultivated soils (Davidson 2002), and detailed studies of 
archaeological context (Goldberg and Berna 2010).  In addition, micromorphology has an 
important role in helping archaeologists understand anthropogenic features and remains 
(Macphail and Cruise 2001; Macphail et al. 1989), such as the study of mudbrick 
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degradation (Friesem et al. 2011; Goodman-Elgar 2008).  These studies have contributed 
to the growing recognition that soils and sediments are not only containers for artifacts, 
but are in fact artifacts themselves (Miller 2011). 
 The pioneering work of micromorphology was that of Walter Kubiëna (1938), 
who was able to demonstrate how an understanding of the microscopic structure of soil 
reveals a great deal of information about the deposition or genetic history of the material 
in question.  Although Kubiëna was not the first to put soils under a microscope, he was 
the first to offer a systematic approach to studying and describing them, which was also 
intended to ease issues of terminology among researchers (Stoops 2009:101, and citations 
within).  Though the methodologies have been amended over the decades since Kubiëna 
first published, all later descriptive systems (e.g., FitzPatrick 1993; Brewer 1964; Bullock 
et al. 1985; Stoops 2003) still have their basis in his original principles (for a comparison 
of these systems, see Stoops 2009). 
 Modern micromorphology is a system designed to analyze and describe soils and 
regolith samples “in order to identify their different constituents and to determine their 
mutual relations, in space and time” (Stoops 2003:5). These observations then allow the 
researcher to detect evidence for the different processes that form and transform regoliths 
into soils.  Although micromorphology operates on a fine scale, the information 
uncovered may relate to very large processes.  For example, small-scale changes in 
sediment composition may be caused by wide-scale processes such as flooding or slope 
collapse, themselves manifestations of even larger-scaled processes such as climate 
change.  All of the above may have important bearing on archaeological remains.   
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5.2.2 – The application of micromorphology 
 Despite the growth of micromorphology as a field, and the widespread 
understanding that context is vital to archaeological interpretation, too few researchers 
collect the requisite information to enable such analysis, particularly in later period sites.  
Yet the projects that do happen can help shed a light on new ways to interpret 
information and understand a site.  The following section will highlight a few examples 
of how micromorphology may aid archaeological interpretation, using projects that will 
be applicable to the later discussions about Beisamoun Pond 11.  
 
Lake-margin settlements 
 Beisamoun Pond 11 is situated between two dominant sources of sediment input – 
the steep slopes of the Hula Valley (Naftali Mountains and the Golan Heights) and the 
extinct Hula lake and marsh system.  The latter of these also has the strong ability to 
induce pedogenesis through the movement of water and minerals within the water.  
Understanding these wetland systems would make interpretation of the site more 
accurate. 
 Unfortunately, comparative micromorphological studies of wetland 
archaeological sites in the Levant are rare.  One excellent example is the study of the 
sediments at the Lower Paleolithic site of ‘Ubeidiya, Israel.  This project revealed cycles 
of wetting and drying that shed light on hominin usage of a lakeshore.  Mallol found 
evidence for a “rhythmic” (2006:196) cycle of floodplain growth into the marshy 
lakeshore followed by lake growth. The lake growth was evidenced by gleying in 
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samples from the site, indicating periods of waterlogging.  The lake slowly deposited 
shallow homogenous sediments of chalky-marls with inclusions of gastropods and 
abundant masses of calcareous algae.  Eventually, dry surfaces appeared in the marshes, 
which were then inhabited and used by hominins until the cycle returned to a wet phase.  
The micromorphology revealed these wetland cycles, allowing archaeologists to 
understand the sequence of habitation at the site (Mallol 2006).   
   
Earthen construction materials 
 Earth-based construction materials such as brick, adobe, and pisé are well 
documented at Neolithic sites (e.g. Love 2013), and comprise a large portion of the 
material in Pond 11, Sector E (see Chapter 6).  The construction materials are found 
between overlapping walls of different layers, and spread thick within layers Ib and Ic.  
Understanding what this material is and what has happened to it since it was originally 
placed, are integral to understanding how to our interpretations.  Several researchers have 
examined construction materials, although most examine the construction of brick, rather 
than the taphonomy or degradation of brick (see review in Friesem et al. 2011:1135–
1136). 
 Goldberg (2004) examined bricks and collapsed bricks from Late Bronze Age 
Tell Lachish through a mix of micromorphology and granulometry.  Through the 
examination of the silt and sand content he determined that the inhabitants of Lachish 
chose to use loess for some bricks, and silty alluvium for other bricks.  The analyses also 
demonstrated that brick makers also shied away from using the prevalent local clay-rich 
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materials.  Such micro-analysis has the ability to clue researchers into not just the 
descriptions of a material, but also the human choices that went into its construction.  It 
was furthermore shown that the mudbrick material in this example collapsed and was not 
pedogenically altered, implying a rapid rate of collapse and a quick deposition of newer 
material.   
 Friesem et al. (2011) further explored the processes of mudbrick degradation 
through the examination of a decades-old abandoned mudbrick structure in the western 
Negev desert of southern Israel.  The test enabled the team to study the different stages of 
mudbrick degradation.  First, calcitic clay crusts formed on the edges of the brick 
fragment, then began to form stronger crusts and cementation as water and gravity moved 
calcitic-clay slurry downwards.  Finally the original porosity and orientations broke 
down, aided in particular by bioturbation.  These micromorphological investigations not 
only provide details about the processes of degradation, they also help reduce false 
identification of surfaces.  As the melted brick slurry was redeposited, it created crusts 
and coatings, particularly around walls, which may be misinterpreted as floor surfaces 
(2011:1144–1145).  Özbaşaran (2011) noted that thick silty sediments are found 
surrounding heavily eroded house walls between two stratigraphic phases at 8th 
millennium BCE Aşikli Höyük, Turkey.  Micromorphological work demonstrated grain 
sorting and signs of prolonged exposure to standing water, confirming that this sediment 
was degraded brick that had deposited into the abandoned structures.  The excavators 
fittingly named this sediment ‘heavy rain sediment’ (Özbaşaran 2011).   
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Site-formation processes and preservation 
 Micromorphology also has the potential to expose what a site undergoes after it is 
abandoned, including erosion, bioturbation, and pedogenesis.  Furthermore, 
micromorphological data may help explain why some sites, or sections within a site, 
experienced better or worse preservation.  As has been mentioned (and will be explained 
further in Chapter 6 and 7), these issues are important at Beisamoun Pond 11, where 
preservation can tend to be quite poor. 
 After a site is abandoned, natural processes still act upon the locale.  In some 
cases this involves sedimentation or rapid submersion, covering the site and preserving it.  
The latter case is exemplified at the 23 kya site of Ohalo II, Israel, on the shore of the 
ancient Lake Lisan.  Shortly after usage, this temporary encampment was flooded by the 
rising lake, and stayed that way until the late 1980s.  Micromorphological samples taken 
across the archaeological layer reveal spatial differences, including an area with remains 
of numerous, slightly heated/charred, grasses lying horizontally above the bedrock, 
interpreted as matted flooring.  Rounded aggregates of calcareous mud, ~0.1 – 0.2 mm 
across, with bands of weathered sand sized grains is evidence for the wave action 
washing lake sediment over the site (Tsatskin 2002) 
 Other sites undergo very different processes after abandonment.  Bioturbation and 
vegetal coverings are common in many sites, and while these may be detrimental to the 
archaeology (pers. experience), they do occasionally protect sites from further destruction 
by creating a bio-mantle that buries them (e.g., Canti 2003; Van Nest 2002).  Such 
bioturbation, and stability from sedimentation, encourages pedogenesis. 
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5.3 – Micromorphological program at Beisamoun 
 The complex geological, ecological, and archaeological history of the Beisamoun 
area necessitates the integration of micromorphological and geoarchaeological 
information into the interpretations of the archaeological remains.  The questions raised 
during the course of the excavations at Beisamoun include those that are particularly 
appropriate for micromorphology, as explored above.  In order to achieve these aims, the 
following program of study was incorporated into the larger Beisamoun project.   
 
5.3.1 – Collection of samples and sample notation 
 Samples were selected to create a wide mosaic of pictures into the site of 
Beisamoun and the landscape in which it was situated.  Some samples were control 
samples.  These could be regional samples designed to get a background picture of the 
Hula, samples from the exterior trenches, or single fabric unit samples from within Pond 
11.  Other samples were taken because they shed light on the layers within Pond 11, 
typically samples that crossed the boundaries of layers or horizons.  Other samples were 
taken of features and construction materials.  
 There are specified best-practice guidelines for sampling methods (Courty 2001; 
FitzPatrick 1993; Goldberg and Macphail 2003, 2006; Stoops 2003), which are 
dependent upon the properties of the archaeology, and sedimentary or soil properties.  
Sampling may either involve intact blocks of material, or the usage of tins or sampling 
boxes to contain the sample.  At Beisamoun, several different such boxes were tried, 
including metal electric boxes, PVC piping, and plastic drainage pipes.  These were met 
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with mixed success due to the heterogeneous nature of the Beisamoun soils and 
sediments.  The former sampling option, of intact blocks, was primarily employed.  This 
sampling method enabled more control to work around stones, roots, and other obstacles 
from within the site. Within Beisamoun, much of the background matrix contains 
numerous stones and roots, requiring large blocks (typically 10x10 cm around and 
between 10-30 cm high) in order to maintain sample integrity.  In those cases where I 
was attempting to understand how different layers related to each other, I took samples 
from locations that crossed perceived boundaries as identified in the field.  
 When possible, these samples were taken from profiles (Figure 5.01), though the 
stony nature of the material often rendered this impossible.  In such cases, or in cases in 
which an excavator identified a transition within a unit, witness blocks were placed and 
removed once the surrounding material had been fully excavated.  The benefit of this 
method is that it allowed for a full exploration of the surrounding area prior to removal.  
Furthermore, it allowed all faces of a sample to be photographed and examined prior to 
removal.  Smaller samples (~ 5x5 cm around and 5-10 cm high) or those from within a 
single stratigraphic unit, horizon, or archaeological feature, were taken in similar ways. 
 When the sampling material is loose, stony, or otherwise unstable, it is packaged 
in gypsum plaster to promote stability.   The block is carved to its greatest extent, and 
then wrapped in paper towels, which are moistened to hold their shape.  Gypsum plaster 
is mixed and placed on top.  Once dry, the sample is removed and wrapped tightly in 
paper-towels and packaging tape.  The top, bottom, and north of the sample are marked. 
In addition to micromorphological samples, loose samples were collected for use either in 
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future grain size analysis, bulk FTIR sampling, or for a reference collection.  These were 
taken by collecting approximately 100 mg (or as much as possible, conditions depending) 
using clean trowels, into sterile plastic bags. 
 The collected samples were given identification numbers that integrated them 
within the organization system at in use at Beisamoun Pond 11. A full list of samples and 
their relevant information can be found in the Appendices.	   
Figure 5.01 – Examples of different sampling procedures at Pond 11.  A) ‘Witness blocks’ were 
taken after the square was excavated.  In this image, the block (BN13-03) captures shell and 
pebble surface L. 369 of Sector E: 0a.  Photograph by F. Bocquentin.  B) When possible, samples 
were taken from profiles, such as BN10-01.  This sample (dashed lines) captured the contact 
between Sector E:0a and I (arrow).  Photograph by F. Berna.  C) Small blocks were collected 
from features and loci.  Small stone wall W. 335 (Layer Ic) was covered with a dense mass 
(arrow).  Sample BN12-08 was collected (dashed region) to confirm whether or not this mass was 
construction material.  Photograph by F. Bocquentin.  D) If the sample was too stony or fragile, it 
was coated with damp paper and gypsum plaster.  Sample BN11-03, from Sector F: B was taken 
in this way.  The top and north sides are marked.  Photograph by L. Davin. 
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5.3.2 – Sampling and preparation 
 Once removed, the samples were shipped either to the Laboratory of 
MicroStratigraphy at Boston University or to the Geoarchaeology Laboratory of Simon 
Fraser University.  Unfortunately, some of the samples were damaged or lost in transit 
(e.g., several Trench 4 samples, see Section 6.3.1), but such losses typically did not 
impinge upon the project. 
 In the laboratory, air vents were sliced into the sample covers, and the samples 
were then placed in an oven at ~60°C until all moisture was removed, usually 14-21 days.  
Once dried, these samples were placed into containers and impregnated with a resin 
mixture.  The samples at Boston University were impregnated with a 7:3 mixture of 
unpromoted polyester resin and styrene, along with Methyl Ethyl Ketone Peroxide (at 6-
10 mL per liter of total resin mixture) as a catalyst.  These products were purchased at 
Advanced Coatings Company, in Westminster, MA.  The impregnated samples were air 
cured in a fume hood, during which they were slowly re-filled with resin to ensure full 
impregnation.  The curing process usually took several weeks (depending upon the 
particular batch of resin). 
 The samples processed at Simon Fraser University were typically smaller, 
allowing them to undergo a slightly different impregnation process.  These samples were 
placed in a vacuum chamber in the low-temperature oven to remove all moisture.  The 
samples were then impregnated with a mixture of Epoxicure 2 Epoxy Resin and 
Epoxicure 2 Epoxy Hardener at a ratio of 4:1, purchased from Buehler.  The impregnated 
samples were then returned to a vacuum chamber to improve capillary flow through the 
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samples.  The samples then cured for approximately 24–48 hours in a fume hood.   
 Once hardened, the impregnated blocks were sliced with a saw and trimmed into a 
block of appropriate size, following standard protocols (e.g., FitzPatrick 1993; Stoops 
2003). Most blocks prepared at Boston University were sent to Spectrum Petrographics, 
Inc., in Vancouver, WA, and Quality Thin Sections, in Tucson, AZ; I prepared my own 
samples at Simon Fraser University.  Additionally, several of the earliest samples were 
processed in the laboratory at the Kimmel Center for Archaeology at the Weizmann 
Institute. Slides were made either as large (51x76 mm) slides or small (27x46 mm) slides; 
the former are good for questions regarding contacts between strata, while the latter are 
sufficient for samples containing single fabric units.  Once made, these slides were 
polished with ultra-fine paper (1000 grit) until the sample was 30 µm thick. 
 
5.3.3 – Analysis and data recording 
 The slides were analyzed at Boston University and Simon Fraser University.  The 
samples were scanned in plane- and cross-polarized light (PPL and XPL, respectively) 
(Figure 5.02), allowing an overview of the slide as whole unit (Arpin et al. 2002).  Due to 
the small size of the objects being observed, there runs a very real danger of ‘missing the 
forest for the trees’ in micromorphology; observations should first be made at a 
resolution lower than that of a microscope (Courty et al. 1989).  A microfiche viewer 
(Micron 780) was used for this first level of viewing, followed by a medium 
magnification (24X to 48X) viewing through an optical stereomicroscope.  Finally, the 
slides were examined under a transmitted polarizing light microscope (Nikon Labophot 2,
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Figure 5.02 – Thin sections get scanned in both plane-polarized (PPL) (left) and cross-polarized 
(XPL) (right) light.  Thin section BN12-07B captures part of the Layer I shell (s), pebble, and 
gravel surface L.324/328.  Burnt bone (b) and clay (hc) are also present.  Calcite pendants 
(yellow arrows) may be seen on chert, and cemented channel voids (red arrows) are present.  See 
Chapter 6. Scale bar is 1 cm. 
 
 
Nikon Optiphot, and Olympus BH2), with magnifications between 40X and 1000X.  
Photographs of the microscopic views were taken through microscope-mounted cameras 
(a SPOT Ideal 3 megapixel camera and a Diagnostic Instruments 18.2 Color Mosaic). 
 The slides were analyzed predominantly following the guidelines set out by 
Stoops (2003).  The various features and relevant terms are described below, and 
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micromorphological observations were recorded in a database.  The details of the 
database and analytical system are explained below. 
 
5.4 – Micromorphological nomenclature 
 Throughout my analysis I generally followed the terminology of Stoops (2003), 
though in some cases I have amended the terminology under the direction of my advisors.  
In the following section, I review the terms and importance of the different categories of 
evidence found during my examinations.  These categories are: the fabric unit, the 
microstructure, the groundmass (both coarse and fine fraction), and post-depositional or 
textural features.  The order of explanation also follows the order in which the samples 
were examined.   
 
5.4.1 – Fabrics and fabric units 
 A main focus of micromorphological work is the study of fabrics.  Stoops (2003, 
p. 34), following Bullock et al. (1985), defines soil fabric as the “total organization of a 
soil, expressed by the spatial arrangements of the soil constituents (solid, liquid and 
gaseous), their shape, size and frequency, considered from a configurational, functional, 
and genetic viewpoint”.  These fabrics form the basic units of the soil or sediment under 
examination.   
 A soil fabric is described on the basis and degree of its heterogeneity, as a truly 
homogenous body (Stoops uses “a blue sky” as such an example) by definition has no 
fabric; a fabric has components.  The degree to which an observer recognizes the hetero- 
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or homogeneity is often one of scale.  A soil that appears homogenous in the field will 
appear much more heterogeneous under the microscope, where the mixture of clays, 
coarse grains, and other materials can be seen more prominently.  These elements in turn 
may seem homogenous, but at higher magnification may themselves exhibit 
heterogeneity.  Thus, changing the scale of examination, as well as the particular focus of 
investigation (e.g., void or grain size), may provide different ways to define the degree or  
 
 
 
Figure 5.03 – Homogeneity, heterogeneity, and fabric units at different scales.   A ‘fabric’ and 
‘fabric unit’ are intellectual constructs used to define groups of components and their 
organization.  The way an observer defines fabric depends on the scale.  In the imagined soil 
above, the left image shows five grains of limestone (g) in homogenous clay matrix (m), which is 
a fabric unit.  At low magnification, the homogenous clay is actually heterogeneous; there are 
now several fabric units.  These include well-separated (with planar voids, p) blocky peds of 
homogenous clay (m), Fe nodules (n), and vughs (v).  Once again, at higher magnification, the 
homogenous clay is actually rich in quartz silt (q), meaning that there are two different fabric 
units at this magnification.  Image redrawn after Stoops 2003:35. 
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homo- or heterogeneity of a fabric.  By defining different fabrics within a sample, one 
can make robust interpretations about depositional and post-depositional processes 
(Figure 5.03). 
 Although the definition of a fabric considers it to have infinite expanse, this is 
obviously not the reality.  Rather, the micromorphologist is presented with a number of 
fabric units.  A fabric unit is a “finite, three-dimensional unit delimited by natural 
boundaries, statistically homogenous on the scale under consideration, and that can be 
distinguished from other fabric units by the methods of study applied and at the scale of 
observation used” (Stoops 2003:36).  Simply put, a fabric unit is described as an 
apparently homogenous discrete unit of a fabric at a given scale, and is a device used to 
maximize uniformity within a fabric and maximize the differences between fabric units.  
These units may contain other fabric units that may be described at other scales of 
definition.  The elements of fabric that are used to describe these units include the spatial 
distribution, orientation, size, sorting, and shape of its components.  The boundaries 
between units and the color of the unit are also useful description criteria (though color 
on its own may be misleading).   
 
5.4.2 – Microstructure 
 It is important to understand the structure of a fabric unit.  This structure is “the 
size, shape, and arrangement of primary particles and voids in both aggregated and 
nonaggregated material and the size, shape, and arrangement of any aggregates present” 
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(Stoops 2003:57).  Thus, the structure is the relationship between the different 
compositional elements and the voids and pores within a fabric unit.   
 These compositional elements are coalesced in various aggregates or non-
aggregates.  Such aggregates are called peds.  Their form and degree of development are 
known as the pedality of a fabric unit.  The peds themselves may be blocky, platy, 
granular, crumbs, and prismatic, or a combination or variation of these shapes (Figure 
5.04).  The degree of separation or ‘development’ between the peds (the presence of 
features that indicate natural weakness between peds) is also an important descriptive 
feature of pedality.  Also important is the level of accommodation between 
complimentary peds.  For example accommodated peds faces that would fit together 
easily, unaccommodated peds do not. These shapes may be highly indicative of the 
genesis and maturity or a soil; for example, blocky separated peds may be the results of a 
mature soil.   
 Gaseous elements of a sediment or soil are recorded in the pore spaces.  The 
shape, number, and connectivity of these pores are referred to as the porosity of a fabric 
unit.  Porosity is also a key piece of information, with different processes leaving gaps of 
different size and shape throughout a sample.  Some may be mechanical, such as the well 
accommodating planar voids between blocky peds, a strong indication of the shrinking 
and swelling action of vertic soils.  Some, such as vesicles (see Figures 6.21 and 6.29), 
are good indications of a moist environment, and packing voids indicate a much looser 
collection of individual grains or clasts.  Frequent in the Beisamoun Pond 11 samples are 
vughs, where the plastic soil is mashed together leaving voids (see Figure 6.35), and  
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Figure 5.04 – The morphology of different ped types.  A) Crumbs are typically rounded and porous peds, 
and are often not accommodated with the surrounding peds.  In this case, they are surrounding by a 
compound packing voids.  B) Angular blocky peds generally have well-accommodating faces with their 
surrounding peds.  They are typically of equant size, though in reality there is often variation in size and 
degree of accommodation.  C) Prisms and column peds are vertically elongated peds.  D) Granules are 
rounded peds that are typically not accommodated with their surrounding peds.  Unlike crumbs, granules 
are not porous (at least not at microscopic scales).  E) Subrounded and rounded blocky peds are like 
angular blocky peds, but with poor accommodation between the peds.  F) Plates come in a variety of forms 
(e.g., lenticular, wavy, or straight), but describe peds that are horizontally elongated.  Image redrawn after 
Stoops 2003:59.  	  
 
channels, often the result of root or animal action (see Figure 5.02). 
 The ped forms and porosity together comprise the microstructure of the fabric 
unit.  There are a number of standard descriptors of microstructure (e.g., massive, 
crumb/crumbly, granular, vughy, vesicular, etc.), which are proscribed on the basis of the 
dominant ped and porosity combinations.  These ped forms and porosities are the result 
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of a complex combination of depositional and post-depositional processes, and are 
therefore important pieces of information for reconstructions and interpretations.  
 
5.4.3 – Groundmass 
 Whereas the pedality describes the relationship between the peds and porosity, the 
components of the peds themselves offer valuable information about the fabric unit.  The 
basic components that make up the matrix of the fabric unit are described as the 
groundmass, which contains both the coarse fraction and the fine fraction.  The coarse 
fraction represents the composition of the large particles in the material, with a mineral 
component including geogenic materials such as quartz, feldspars, basalt, chert, and 
heavy minerals, and an organic component comprised of shells, bones, decayed plant 
material, and phytoliths or diatoms.   
 Descriptive criteria for grains include shape, frequency, and the degree of sorting 
(the uniformity of a given particle based on size).  The combination of these elements is 
quite important; for example, grains of rounded basalt may have come a long way from 
the Golan, while angular, sand-sized grains of calcareous materials were likely colluvium 
from the Naftali Mountains.  Minerals that exhibit high-order birefringence are rare but 
ubiquitous.  The sorting may help indicate whether or not the sample is a soil or a 
sediment, or how mechanically mixed it has become, or mode of transport and deposition 
of sediments.   
 The limit between the coarse and fine fractions (c:f ratio; see below) is defined by 
both the sample and the degree of magnification possible.  The fine fraction, or 
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micromass, makes up the portion of the fabric that is too small to be individually 
recognized, creating a background matrix in which the coarse fraction is situated.  This 
fine fraction is typically composed of clays, Fe oxides, and very fine-grained organic or 
mineral particles.  The related distribution (spatial arrangement) between the two, the 
color, and the b-fabric (orientation of clay domains) are important pieces of information 
that indicate the background processes and depositional and post-depositional 
environments of the unit.  The b-fabric results from orientations within the micromass 
minerals; organized clays can present a striated b-fabric, whereas developing clays in the 
micromass may produce a stickle-speckled aspect (see Figure 6.09).  Totally disoriented 
or short-order clays may result in an undifferentiated b-fabric. Crystallic b-fabrics are the 
result of a micromass rich in small birefringent crystals.  These are often calcite, but may 
also be phosphates, gypsums, or a variety of other minerals (see Figure 6.05 for 
undifferentiated and calcitic-crystallic b-fabrics). 
 
5.4.4 – Textural, pedo-, and post-depositional features 
 The above components of a fabric are related to those components that form the 
base material of a fabric.  However, there are other components that exist within a fabric 
that tell a different type of story.  These are post-depositional features, which may be 
textural (such as clay coatings) or chemical (such as calcite precipitation). These features 
are often referred to as pedofeatures, as they frequently relate to pedogenesis, though I 
prefer to differentiate between textural post-depositional and pedo-features, as it limits 
overt interpretation at this stage of analysis.  Stoops defines pedofeatures as “discrete 
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units present in soil materials that are recognizable from adjacent material by a difference 
in concentration in one or more components or by a difference in internal fabric” 
(2003:101).  Stoops further identifies two sub-categories, matrix, which are discrete units 
that developed from within the groundmass itself, and intrusive, which are formed from 
outside the groundmass before being transported within through some mechanism.  There 
are generally considered to be three types of such pedofeatures: impregnative, depletion, 
and fabric features (see Figure 6.40 and 6.44).   
 Impregnative features are those that form as build-ups or high concentrations of 
certain components within the groundmass.  Concentrations of Fe or Mn oxides, calcitic 
crystals or concentrations such as hypo- or quasi-coatings, and carbonate nodules may be 
impregnative features, so long as they are related to the groundmass.  Depletion features, 
on the other hand, are when there are units of lowered concentrations compared to the 
groundmass.  This lower concentration may or may not relate to a pedogenetic process, 
such as the leaching of Fe, calcite, and clays from the groundmass.  The last variety of 
matrix textural features are fabric features, which are differences of fabric compared to 
the groundmass as a whole.  This type of feature is often observed in the form of 
evidence for bioturbation, such as passage features and the resulting compaction of 
material surrounding the void.   
 While the above post-depositioal and pedofeatures are developed from the 
groundmass itself, they may also form elsewhere, or within the void spaces of a fabric.  
In these cases, the feature is known as an intrusive textural feature.  They may have been 
transported into the groundmass from elsewhere, such as the case of anorthic nodules.  
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Clay coatings and infillings, and calcitic or gypsic crystal infillings within voids are also 
intrusive features, as they did not originate from the groundmass.  Amending the above 
terminology, Mallol (2004) suggested the use of the terms depositional and post-
depositional pedofeatures to differentiate between those features that were present during 
the formation of the fabric, and those that were later additions to the overall material.  I 
use a combination of the two systems, as deemed appropriate for the situation.  
 
5.5 – Recording the micromorphology of Beisamoun 
 The above terminology was employed in the analysis of the Beisamoun thin 
sections.  The thin sections were first examined macroscopically and then at low 
magnification (24X to 48X) in order to determine fabric units present within each slide.  
Some slides contained a single fabric unit, whereas others contained many such units.  
My descriptive and interpretive framework developed throughout the course of the 
project, with the result that some of the samples (particularly the earliest ones) have had 
to be re-analyzed and interpreted, and some of the originally defined fabric units were 
amended and later combined. 
 Once the individual fabric units had been determined, they were analyzed 
microscopically.  The first step after defining the fabric unit was to determine the 
microstructure of the unit.  The pedality and porosity were described, followed by a 
general description of the microstructure.  The percentage of void space (by volume of 
total area) was estimated using comparative charts (Stoops 2003:48).  I followed the 
analysis of microstructure with an examination of the inorganic (mineral) coarse fraction, 
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describing the type, volume, and general shape of the gravel, sand, and silt sized content 
of the unit.  Following the mineral fraction was a description of the biogenic coarse 
material.  After the coarse fraction was completed, I described the fine fraction, including 
the presence or absence of a b-fabric.  Finally the post-depositional features and 
pedofeatures were analyzed (Figure 5.05). 
 
Figure 5.05 – Simple flow diagram of the analysis process. 
 All descriptions were recorded into a single database, created with Filemaker Pro 
11.  The database, using the fabric unit of an individual slide as the unique identifier, was 
designed so that data could be compared either by fabric unit, by sample, or by feature 
and content. As the analyses proceeded, the database changed to reflect the growing 
understanding of the nature of Beisamoun sediments and soils (Figure 5.06).  
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Figure 5.06 – Sample page from my database.  The database was designed to be searchable using 
a number of different criteria, with fabric units as the primary unique identifier.  The database 
was built using Filemaker Pro 11. 
 
5.6 – Summary 
 The site of Pond 11 offers a tantalizing opportunity to learn about the Levantine 
societies of the early 7th millennium BCE.  However, in order to incorporate the site and 
the recovered archaeological assemblages into the wider narrative of change during the 
Neolithic, we need to understand the different “layers” of contexts at Beisamoun Pond 
11.  Micromorphology provides a key tool, as each of the major thematic questions about 
Beisamoun has a corollary microstratigraphic question. 
 In order to understand ‘greater Beisamoun’ and the relationship between Pond 11 
and the rest of the site, we must identify the stratigraphic units at Pond 11 and looks for 
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comparisons among the other locales.  In order to understand the relationship of the 
different construction phases at Pond 11, we have to understand the stratigraphic 
relationships within the sectors themselves, which requires a study of the sediment and 
soils of Pond 11.  In order to understand how the site was used, we must look for 
evidence of abandonment or continuity of use, both of which may be found in the 
micromorphological assemblage.  Finally, in order to create an accurate narrative of the 
lives of the Pond 11 inhabitants, we must properly categorize, organize, and interpret the 
artifacts that have been recovered.  All of these may be accomplished through 
micromorphology.     
 Though aspects of micromorphology can be quantitative (e.g., Adderley et al. 
2002), descriptions of color, shape, and even sorting, bedding, and others criteria can be 
relatively subjective (Arpin 2005; Macphail and Cruise 2001).  To repurpose a famous 
archaeological expression, the ‘interpretation begins at the stage of the microscope’ 
(apologies to Hodder 1999).   In the following two chapters, I will present the results of 
the micromorphological work at and around Beisamoun Pond 11.  I have endeavored to 
maintain a clear narrative by communicating only the relevant details of the 
micromorphology.  Since micromorphology is an observation-based analysis, I attempt to 
let the samples speak for themselves through photographs and figures.  The raw data are 
available in the Appendices. 
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Chapter 6: Results 
 
6.1 – Introduction 
The strategy presented in Chapter 5 has produced a large body of 
micromorphological data, which is presented below.  These data reveal information about 
the natural and anthropogenic deposits that built and buried the occupations at 
Beisamoun, the story of the natural processes that affected the preservation and 
development of the site, and the story of human use, choice, and reuse, which connect the 
different Pond 11 occupation layers.  When woven together, these stories create a picture 
of a Neolithic community growing, changing, and declining over several centuries.  This 
picture affords us a unique opportunity to discuss cultural continuity within a south 
Levantine Neolithic community.   
In order to create a full picture of the Pond 11 site, the results are organized to 
provide an ever-increasing resolution from the general Hula Basin to the Pond 11, Sector 
E locale.  The following chapter will first present the spectrum of soils and sediments that 
occur in the Hula surrounding the Pond 11 site that represent reference samples for 
sediments found in the site.  Following this, the trench samples will be described.  These 
samples provide a picture of how the landscape around Pond 11 has changed over time, 
as well as the first indications of the spatial extent of the Neolithic occupation.  Pond 11 
will be presented next. Sector F will be presented first; due to the poor preservation and 
the frequent reuse of the site, only two areas will be presented – both of which highlight 
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the usage of the site and connect the sector to the nearby trenches.  Sector E will be 
presented last; the samples are grouped by relevant context.   
The surface samples will be presented by environment-type, and presented in 
detail in the text.  By doing so, the data from these samples may be more easily referred 
to later in the chapter.  The trenches are presented as columns, with the samples grouped 
into units reflecting their micromorphological details. Since the décapage method of 
excavation within the sectors did not allow for sampling in columns, the resulting thin 
sections will be presented in-text, grouped by stratigraphic and contextual relationships, 
rather than as units in a column.   
Numerous localized disturbances, erosion, and weathering along the natural 
slopes of the Pond 11 site have led to an overarching homogeneity at a low resolution 
within the samples, while at the same time increasing heterogeneity at finer resolutions.  
Therefore, in order to avoid unnecessary repetition or descriptions, only the key data 
points from each sample or group of samples are presented descriptively in the text.  For 
example, a slide in which the coarse fraction provides the only information relevant to the 
general discussion, details about the post-depositional features will be minimized or 
excluded.  Furthermore, if several samples from the same context unit have a certain 
identical characteristic, this characteristic will not be repeatedly described for each 
sample, but rather mentioned for the group as a whole.  Full micromorphological and 
contextual descriptions of each sample are found in the Appendices.  
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6.2 – Placing Beisamoun into the landscape 
The geological map of the Hula (Figure 3.02) shows a sharp delineation between 
the calcareous mountains in the west and the alluvium and soils of the wetlands.  The 
coring performed northwest of the Beisamoun site reveals that the boundary between 
these areas is comprised of a series of alluvial deposits, the most recent of which dated to 
the early Holocene (Shtober-Zisu et al, 2008).  These cores show the paleolake / marsh 
sediments deep below these alluvial sediments, but it may be inferred that significant 
interfingering of lakeshore and alluvial sediments occurs nearer to the wetland border.  
The site of Beisamoun was founded along this boundary zone, its placement a likely 
compromise of advantages and disadvantages of the local resources and landscape.  The 
control samples, from the western Naftali slopes, the eastern Golan slopes and plains, and 
the central wetlands and lake area, provide indication of what these environments 
contributed to the landscape (Figure 6.01). 
 
6.2.1 – End-member surface samples (the Naftali and Golan slopes) 
The site of Beisamoun lies in a subsiding valley between the basaltic Golan on the 
east and the calcareous Naftali ranges on the west (Chapter 3).  The sediments and soils 
derived from these slopes and sources are distinct fabric units.  The two surface samples 
below represent the extreme end-members of the spectrum.   
 The first of these samples (BN10-09.0) was collected from a slope of the eastern 
basaltic range, approximately 8 km south-east of Beisamoun and 100 m higher in 
elevation.  Under the microscope, the microstructure is angular blocky, with massive 
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Figure 6.01 – Location of the control samples in the Hula landscape.  Pre-drainage boundaries of 
the Hula Lake (blue) and surrounding wetlands (green) are shown (adapted after Karmon 1960).  
The numbers shown are the designations of the samples.  The yellow samples are the end member 
samples, the purple samples are from the Hula basin, and the blue samples are from the wetland 
system.  Beisamoun Pond 11 is marked in red.  Image from Google Earth ©2014 DigitalGlobe. 
 
peds separated by moderately accommodating planar voids.  The soil exhibits a 
porostriated b-fabric that has resulted from mechanical stresses (the seasonal shrinking 
and swelling inherent in this soil type).  Of note are the near total lack of calcium 
carbonate components and the presence of igneous minerals and rocks in a micromass of 
brown clay (Figure 6.02).  A number of these minerals (e.g., pyroxenes and plagioclase) 
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Figure 6.02 – Comparison between the two Hula end-member samples.  A) and B) show the 
volcanic mineral content of BN10-09.  Both show the same image, first in plane-polarized light 
(PPL), and the second in cross-polarized light (XPL).  Volcanic glass (vg) is dominant within the 
basalt grain (b), and crystals of clinopyroxene (cp) are common.  These may be dislodged and 
eroded, and transported into the Hula Basin through a variety of processes.  The surrounding 
groundmass is devoid of calcite, but contains quartz sand and silt.  C) and D) show BN10-10.  
The reddish-yellow clay fine fabric is rich with different calcium carbonate: sparite and micro-
sparite (s) sand and silt, limestone (c) and dolomite grains (not pictured), and biogenic forms such 
as shell (sh).  
 
make up a portion of the sand sized coarse fraction.  Minerals of this size are easily 
transportable by both water and wind.   
Similarly, there are a number of silt and very fine sand-sized quartz and feldspar 
grains, likely deposited by wind.  In contrast to the Golan control, sample BN10-10 is 
from the red-brown clayey material atop the dolostone slopes approximately 1 km due 
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west and 25 m higher than the Beisamoun location.  Plant and animal activity was quite 
apparent in the sample, which contained tree nut remains, roots (including calcium 
oxalate phytoliths), fresh dung, and snail shell fragments.  What is important is that the 
samples have a coarse fraction dominated by calcareous material.  These grains included 
both microsparitic and sparitic nodules and inclusions, ranging from fine sand through 
gravel size.  The larger inclusions appear to be mechanically disaggregating into smaller 
crystals or groups of crystals, (including calcite and dolostone) of various sizes and 
degrees of weathering.  Quartz and feldspar silt grains, most likely aeolian in origin, are 
common.  The micromass of the sample is reddish-yellow clay, which typically develops 
as calcareous material breaks down, and is easily transported by wind.  Both are likely 
sources for the material found within the sample.	  
 The two samples above reflect the extreme variations of the valley.  On the 
eastern side are igneous minerals and brown clays, interpreted as a mature basaltic 
vertisol.  Calcium carbonate and red-yellow clay dominate to the west, in what is likely 
terra rossa, or a colluvium of terra rossa from higher up the slope.  Both soils are 
common for the region (Singer 2007).  Aeolian quartz silt deposited is present in both, 
and was likely a high contributor to sedimentation within the basin as a whole.  Igneous 
minerals were not present on the calcareous slopes. 
 
6.2.2 – The wetland system 
 Different processes and environments affected the central area of the basin than 
the slopes, resulting in different sediments and soils.  Though highly changed from its 
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natural state, the current wetland reserve was developed to be representative of the 
original Hula Lake and marsh system, including flora and fauna (Figure 6.03).  Sample 
BN10-18.0 comes from this context, near numerous reeds and standing water, and is 
about 2 km east of the Beisamoun site, and about 17 m lower in elevation.  The biogenic 
coarse fraction contains numerous fragments of peat, decaying plant material bone, shell, 
fishbone, fresh water diatoms, sponge spicules, and phytoliths of semi-aquatics plants 
such as Typha or Phragmites (A. Emery-Barbier, pers. comm.).  Grains of micrite and 
microsparite dominate the mineral coarse fraction.  These calcium carbonate grains likely 
originated in the Naftali slopes.  Quartz and feldspars were few.  There is Mn staining on 
the voids surrounding decaying plants. 
 Sample BN10-21.0 also came from a current river channel that had been created 
during the Hula drainage project and is bedded alluvium.  The mineral coarse fraction of 
this fabric unit is compositionally homogenous, being almost entirely silt- and sand-sized 
grains of calcium carbonate with common sand-sized isotropic nodules of Fe-Mn 
throughout.  The only other inclusions are few silt and sand sized quartz and feldspar 
grains, clay aggregates, and larger sand- sized limestone grains.  The biogenic materials 
are similar to those of BN10-18.  The micromass is similarly homogenous, being 
dominated by micrite and small amounts of very pale brown clay. 
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Figure 6.03 – The wetland control samples.  A) The modern Hula lake, near the site of the marshy sample 
BN10-18.  Photograph by F. Berna.  B) River bank near sample BN10-21.  Photograph by F. Berna.  C) A 
piece of peat from BN10-18 (in PPL).  The peat contains siliceous algae (arrows) of semi-aquatic plants, 
mostly Typha and Phragmite types.  D) Marl fragment from BN10-18 (in PPL), with decaying organic 
material in parallel orientation within the predominantly calcium carbonate groundmass.  A shell fragment 
(sh) is also visible.  E) The BN10-21 sample shows vesicles formed from air bubbles trapped by water in 
the predominantly calcium carbonate groundmass.  Decaying organic material is also a signficant 
contributor to the sample.  F) A close-up of BN10-21 displays the rich biogenic content, including 
phytoliths, diatoms, filamentous algae, and sponge spicules.  The groundmass is almost entirely micrite and 
microsparite. 
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6.2.3 – Variations in the surface of the Hula basin 
 The above wetland samples are dominated by calcium carbonate, both as 
deposited grains and reprecipitated crystals.  The amount of aeolian-derived quartz dust 
in these samples is limited.  The following three samples (Figure 6.04) come from the 
border zone between the wetland and the slopes, with subtle variations in coarse fraction 
elements and b-fabric representing the differences found throughout the valley. 
 Sample BN10-16.0 is the furthest of these intermediate samples from the 
Beisamoun site.  It was collected from an agricultural field immediately at the base of the 
basaltic slopes, approximately 5 km northeast of Beisamoun, and about 8 m lower in 
elevation.  The micromass of dark grey to strong brown clay exhibits strong grano- and 
porostriated b-fabrics.  The mineral coarse fraction represents a blend of igneous minerals 
and rocks (e.g., plagioclase, basalt, and isolated needles of volcanic glass), mixed sand-
sized quartz grains, and sand- and silt-sized grains of limestone and sparitic calcite.  The 
former come from the volcanic Golan, but the silicate and calcium carbonate grains likely 
had a more complex depositional story.  Many of the finer particles, particularly the 
quartz, were likely deposited via aeolian activity.  Whereas calcium carbonate mineral are 
sometimes present in igneous rocks, their rarity in the other basaltic vertisol suggests that 
it is not a local product.  Some of the rounded sparitic and microsparitic sand-sized grains 
are likely biogenic (i.e., earthworm waste, see Canti 2003 and Durand et al. 2010).  Some 
may be also anthropogenic (i.e., detritus from the millennia of human occupations in the 
area), whereas some likely were derived from the wetland itself. 
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Figure 6.04 – Images from BN10-16 and BN10-17.  A) The blocky and columnar microstucture 
of BN10-16 is derived from the shrining and swelling of the clays with moisture and is indicative 
of the vertic nature of the soil.  B) The same picture in XPL shows the presence of quartz and 
calcitic sand and silt, but the lack of calcite in the isotopric groundmass.  Volcanic grains (arrow) 
are also present.  C) The microstructure and groundmass of BN10-17 in PPL, being more 
indicative of a colluvium.  D) A close up of the same image in XPL, showing the dominance of 
calcium carbonate clasts.	  
 
To the south was the fabric unit of sample BN10-17, a soil formed on a paleo-lake 
deposit approximately 6 km southeast of Beisamoun, and 13 m lower in elevation.  The 
material is predominantly sand sized rounded clasts of marl, detrital calcite, and 
reprecipitated calcite.  The rounded clasts may indicate that they were deposited via wave 
action, like at Ohalo II (Tsatskin 2002; see Section 5.2.2).  There are also inclusions of 
red-yellow clay aggregates, few fragments of basalt, and few fine sand quartz grains.  
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Figure 6.05 – Images of BN10-19, from Pond 2.  A) and B) display the coarse fraction in PPL 
and XPL, which contain calcium carbonate and quartz sand and silt, marl fragments, chert (ch), 
and shells (sh).  The sand and silt are more common than in BN10-17.  The micromass is shown 
in C) in PPL and D), in XPL.  The micromass is a mix of micrite and pinkish gray-pale brown 
speckled clay with a calcitic-crystallic and undifferentiated b-fabric.  
 
The biogenic coarse fraction is the same as that of the wetlands, but with larger fragments  
of shell.  The micromass is a mix of micrite and irregular concentrations of very pale 
brown dusty clay with an undifferentiated and calcitic crystallic b-fabric. 
The nearest surface sample to the Pond 11 location was BN10-19 (Figure 6.05), 
which comes from the unused outskirts of an agricultural field immediately east of the 
area identified in the original Beisamoun survey as having archaeology. The sample was 
compositionally very similar to BN10-17.  The sample is also similar to the description of 
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the early Holocene Q4 sedimentary unit described from other portions of the Hula, which 
“consists of polymictic limestone, dolomite, chert gravel and pebbles with clay material” 
(Shtober 2010:17) and is interpreted as having been deposited though fluvial activity 
(Shtober-Zisu et al 2008:101).   
 
6.2.4 – Diagnostic elements of the Hula surface variations 
The Hula samples reflect both their local geologies and their ecologies and thus 
reveal a variety of characteristics, most noticeably, their compositions, as summarized in 
Table 6.01. Quartz silt and sand are ubiquitous, varying only in frequency.  These grains 
are almost certainly wind-derived dust (Yaalon and Ganor 1973).  Igneous grains coming 
from the Golan are rare in the wetland samples, and are present in the samples.  
Therefore, these may be attributed primarily to wind or to human activity (e.g., debitage 
from the production of basalt tools and vessels), though slope wash is also a possibility. 
Red clays are indicative of Naftali slope input, whereas marls, peats, and specific 
biogenic elements (i.e., fishbones, diatoms, algae and semi-aquatic phytoliths) are 
diagnostic of the wetland system.  The central region of the valley appears to represent an 
early Holocene shore of carbonates and clays.  Though the deposits have been 
significantly reworked, the presence, absence, and frequency of these elements will help 
indicate the originating source for the archaeological soils and sediments (Figure 6.06). 
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Figure 6.06 – The sources of sediments in the Hula basin samples.  The location of Beisamoun is 
marked in yellow.  Note the diffuse boundary between the white carbonatic wetlands and the 
reddish clay-rich slope-derived sediments that skirt around the wetlands.  Image from Google 
Earth ©2015 DigitalGlobe and CNES/Astrium.	  
 
6.3 – The trenches   
  The trenches excavated in 2011 enabled us to capture a picture of the stratigraphy 
of the western side of the basin, and how the wider site of Beisamoun is situated within 
the valley (see Figures 4.01 and 4.07).  The E-W slope of this portion of the valley is 
roughly 3.9%, from the base of the Naftali range at 85 m asl to around 60 m asl in the 
level part of Pond 10, east of Pond 11.  The slope between the four trenches is slightly 
more gentle (3.3%), from 79 m asl at Trench 4 to 69 m asl at Trench 6 (Figure 6.07).  As 
discussed above (Chapter 3), this slope is conditioned by both the simultaneous 
subsidence of the basin itself, as well as colluvium and alluvium filling the valley.  
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Correlating the trenches to each other and the Pond 11 site is difficult because of the 
distance and differences in elevation, and is further hampered by the paucity of dated 
archaeological material to provide temporal markers.  Furthermore, as explained above 
(Chapter 5), a number of the lost samples were from the westernmost trenches (4 and 5).  
Thus, the following presentation of data and interpretations are necessarily incomplete.  
Note that layer names were developed in the field as specific to each trench, and therefore 
do not correlate with the layer names from other trenches or from the Pond 11 sectors.   
 
6.3.1 – Trench 4 (to the west of Pond 11)  
Figure 6.08 – Trench 4 fabric units, showing the location of sample blocks. The field stratigraphy 
is also shown.  Redrawn after F. Bocquentin, Samuelian et al. 2011:22	  
 
Trench 4 was located ~ 220 m west of the Pond 11 site (Figure 6.08).  The Trench 
4 samples were the most heavily damaged during transport, and thus only the topmost 
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and bottommost layers could be studied.  The uppermost sample block, T4-B02, contains 
the contact between Layers A and B.  The bottommost block, T4-B05, came from the rich 
Neolithic lithic dump interpreted as a knapping surface.  Three distinct microfabric units 
were observed from these two samples and the macro-scale observations.  From bottom 
to top: 
a) Unit Tr.4:1 (76.75 – 76.65 m asl) was taken from the rich lithic deposit.  In thin 
section, these artifacts appear as platy or blocky chert, some of which contain 
microfossils, and calcite spherulites with radial crystals.  Some of the fragments have 
calcareous pendants, some of which are laminated and have mineral inclusions.  The 
matrix was reddish-yellow clay.  Some regions reveal a striated b-fabric.  Other areas are 
heavily carbonatic, and micritic hypocoatings have blended with the clay, producing a 
yellow-red clay calcrete.  The blended micromass is indicative of significant 
recrystallization of calcite in this layer.  The coarse inclusions in the matrix include 
isolated microfossils and carbonate spherulites, and silt- and sand-sized grains of quartz, 
and very few sand-sized grains of basalt and limestone.    
b) Unit Tr.4: 2 (77.81 – 76.68 m asl) has a sharp contact with Unit Tr.4: 3.  The 
lower microfabric unit is reddish-yellow to brown clay with a striated b-fabric.  The 
structure in this microfabric unit is notable, as well, with strong subangular blocky peds.  
Though post-depositional and textural features are uncommon, there are clay infillings 
(of the same texture and composition as the peds), a typic clay coating, and partial calcite 
infillings in void spaces.  Quartz sand and silt grains are common in the groundmass 
(Figure 6.09).  At the top of the microfabric unit is a thin crust of calcitic material that 
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resembles marl fragments found in control sample BN10-18. The coarse fraction is 
contains fragments of shell, calcium carbonate nodules, and grains of marl, and lacks the 
clay and quartz silt inclusions of the underlying layer.  Fragments of an Mn crust are 
present; this material was not seen in the field, and it is very limited in extent.  
d) Unit Tr.4: 3(78.10 – 77.75 m asl) is a vegetal-rich agricultural topsoil of mixed 
brown clay. 
 
Figure 6.09 – Trench 4.  A close-up view of Unit Tr.4: 2. A) In PPL, showing the reddish-brown 
clay micromass within a blocky ped.  B) The same image in XPL, showing the striated and grano-
striated b-fabric (arrows) developed from the movement of clay in the unit.  The unit bears a 
strong resemblance to BN10-10, though with less calcium carbonate.  The coarse fraction 
contains common quartz sand and silt, ultimately the result of aeolian inputs.	  
 
Summary of Trench 4 
From bottom to top, this trench provides the first indications to the extent of 
Neolithic Beisamoun and the development of the landscape over time.  At the base of the 
trench is the Neolithic artifact deposit.  The orientation of the coarse fraction (the 
debitage) is not uniform, and there is little matrix between the grains of chert.  Though 
present, basalt is rare in the samples, and might suggest that basalt was not typically 
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processed at that specific location.  The groups of isolated foraminifera and radial crystals 
suggest that the erosion of their parent rocks happened in the immediate area.  This 
observation supports the interpretation of the lithic specialists that the layer represents an 
in situ deposit (Khalaily in Bocquentin, Samuelian et al. 2011:40).  Quartz silt and fine 
sand may have been the result of dust collecting on the exposed deposit, though it may 
also have been inherited with the already present clay.  The reddish clays of Unit Tr.4: 2 
bear strong similarity to those of control unit BN10-10, implying their colluvial origin 
from the degraded calcareous Naftali slopes: the material moved down the slopes and 
covered the Neolithic lithic dump, after which pedogenesis occurred.  The soil appears 
similar to Singer’s (2007:92-93) description of a terra rossa B-horizon, as well as the 
macro-scale description of the archaeological “reddish grumosol” uncovered during the 
2007 Beisamoun-West excavation (Rosenberg 2010:4), albeit about 3-4 m lower in 
elevation.  This correlation would make it consistent to the descriptions of the red, clayey 
Q5 soil that had been associated with Neolithic and post-Neolithic archaeology (see 
Chapter 4; Shtober 2010; Shtober Zisu et al. 2003, 2008: 99).  The partial crust in Tr.4: 2 
appears to be fragments of a crust that are similar in appearance to the marls of the 
wetland.  There is too little of this discrete lens to draw inference as to the origin of this 
layer.   
 
 
 
 
	   182	  
6.3.2 – Trench 5 (to the west of Pond 11) 
 
Figure 6.10 – Trench 5 fabric units, showing the location of sample blocks.  The field 
stratigraphy is also shown.  Redrawn after F. Bocquentin, Samuelian et al. 2011:22 	  
Trench 5 is ~ 115 m east and 2-3 m lower in elevation than Trench 4 (making it 
100 m west and roughly 4 m higher in elevation than Pond 11).  Macroscopically, the 
trench profile shows an agricultural topsoil plow zone situated above several variable 
layers (Figure 6.10) that differ in important ways from Trench 4, and are more closely 
aligned with the fabric units found within the Pond 11 site (described below).  
Unfortunately, the Trench 5 samples were also damaged in transit; only two of the 
bottom blocks could be analyzed. From the two surviving sample blocks, six thin sections 
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were made, T5-B03A/B, -B04A/B/C/D.  Three distinct units were defined from these thin 
sections and macroscale observations: 
a) Unit Tr.5:1 (74.65 – 73.75 m asl) has a gradual boundary with the overlying 
unit.  The micromass is brownish-yellow isotropic clay with an undifferentiated and 
calcitic-crystallic b-fabric, though some domains of granostriated b-fabric are present.  
The microstructure is irregularly blocky in the uppermost portion, and gradually become 
massive and vughy towards the base. The dominant coarse fraction component is silt to 
fine sand grains of calcium carbonate.  Quartz silt and sand and aggregates of red clay 
decrease with depth.  In contrast, charcoal and ashes and biogenic elements (e.g., 
phytoliths and highly degraded herbivore coprolites) increase with depth.  Algae – like 
those found within peats (e.g., BN10-18) – are present but few.  Calcareous impregnative 
features are common, but are less ubiquitous than in Unit Tr.5: 2 (Figure 6.11).  There are 
also regions of Fe-Mn staining, including a Mn crust.  
b) Unit Tr.5: 2 (74.80 – 74.45 m asl) is yellowish, very pale brown calcareous 
clay showing undifferentiated and calcitic-crystallic b-fabric with rare domains of 
speckled b-fabric.  The coarse fraction is dominated by unsorted aggregates of carbonatic 
sand, along with gravel-sized grains of limestone, dolomite, basalt, and foreign soil 
aggregates of red-brown clay similar to the fine fraction of Unit Tr.4: 2.  Anthropogenic 
materials are found in the form of angular sand sized chert grains, bone fragments, sand 
sized pieces of charcoal, and adobe fragments.  Signs of bioturbation (e.g., passage 
features and insect fecal material) increase with depth, with a corresponding decrease in 
phytoliths. Carbonatic post-depositional features, such as hypocoatings, cementation, and 
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void infillings are ubiquitous.  Some of these are very extensive, and cement groups of 
phytoliths. 
c) Unit Tr.5: 3 (75.20 – 74.60 m asl) is a modern agricultural soil that overlays the 
more lower layers. 
Figure 6.11 – Trench 5.  Images of Unit Tr.5: 1.  A) Shown in PPL, revealing coarse fraction 
elements that include charcoal (arrows), bone fragments (b), limestone (L).  B) The same image 
in XPL, showing quartz and calcite (arrows) sand and silt.  These are situated in isotropic clay 
with calcareous hypocoatings (hyp). 
 
Summary of Trench 5 
It is unfortunate that the blocks from the upper portion of the trench were 
damaged, but the observations from the samples that were taken reveal a profile that is 
significantly different from that of Trench 4.  The reddish clay of Tr.4:2 (sample T4-B02) 
is not present, except for sand sized aggregates of reworked soil found in Tr.5: 2.  
Instead, the fine fraction of Tr.5: 2 resembles a clayey variation on the carbonate sands of 
BN10-17 and BN10-19, samples from the lake zone that were derived from the wetlands.  
The carbonatic and clay matrix contains a large amount of charcoal and ashes.  The 
components of Tr.5: 1 are similar, but the carbonatic sand is much decreased – the 
calcium carbonate is typically micritic or disaggregated microsparitic crystals.  The 
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calcareous impregnative features are localized.  It appears that overall dissolution of 
calcite occurred on Unit Tr.5: 1 but not (or less so) on Unit Tr.5: 2.  Along with the Fe-
Mn features, the dissolution suggests that Tr.5: 1 had been the surface layer for a time 
before the deposition of Unit Tr.5: 2, facilitating the dissolution of calcite from surface 
processes.  Both microfabric units contain anthropogenic material.  In fact, the 
components of Units Tr.5: 1 and Tr.5: 2 are very similar to the archaeological layers of 
Sectors E and F, and to accumulation layers of Trenches 6 and 7, discussed in depth in 
the following sections.  The implication is that the same archaeological phase from Pond 
11 reaches at least as far as Trench 5.  
 
6.3.3 – Trench 7 (north of Pond 11)  
Trench 7 was placed within Pond 11, to the immediate north of the Pond 11 
sectors, ~100 m east of Trench 5.  Due to proximity in location and elevation (71.45 m 
asl at the top of Trench 7 compared to 71.42/71.52 m asl at the top of the excavated 
units), it is the most closely related to the stratigraphy of the Pond 11 site.  Therefore, the 
similarities and differences between the Pond 11 archaeological sectors and Trench 7 are 
all the more interesting (see key observations below and discussion in Chapter 7).  Five 
layers were seen in the field, from which ten thin sections were made (Figure 6.12).  Each 
layer corresponds to a distinct fabric unit. 
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Figure 6.12 – Trench 7 fabric units, showing the location of sample blocks.  The field 
stratigraphy is also shown.  Redrawn after F. Bocquentin, Samuelian et al. 2011:22 
 
 
a) Unit Tr.7: 1 (69.95 – 69.45 m asl) has a micromass that is brownish-yellow and 
red clay, rich in calcium carbonate silt and micrite.  The b-fabric is undifferentiated and 
calcitic-crystallic.  The microstructure is massive, and there are (< 1 cm) discrete zone 
with banded distribution, but they are too limited to be defined as crusts.  There is a 
significant anthropogenic aspect to the coarse fraction, which tends to be larger (up to 1 
cm) and fewer than in above units (Figure 6.13).  There are a few highly degraded 
phytolith-rich coprolite fragments, some of which contain charcoal fragments.  Other 
coarse fraction elements include sand sized fragments of marl, few diatoms, and an 
aggregate of gypsum crystals that is quite rare at Pond 11.  Calcareous hypocoatings are 
common, as are concretions (though there are no pendants), and sand sized rounded 
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aggregates of calcite are found throughout the matrix.  There are zones of decalcification, 
as well.  Fe-Mn staining is common, and red clay coatings are present on grains and 
around voids. 
Figure 6.13 – Trench 7.  Unit Tr.7: 1. Sample T7-B01, shown in PPL.  A rare aggregate of 
gypsum crystals (yellow arrow) is found attached to a semi-aquatic phytolith (blue arrow), and in 
association with a tooth (t) and bone fragment (b).  These are embedded in a reddish-brown clay 
and micrite micromass.  
 
b) Unit Tr.7: 2 (70.40 – 69.65 m asl) is brownish-yellow clay and calcareous 
micromass, structured into blocky peds.  Carbonatic silt and sand is dominant in the 
coarse fraction, and quartz silt and sand grains, and limestone and basalt grains from the 
surrounding environment are few. Fragments of crusts are disorganized within the unit.  
Anthropogenic components are extremely common, including wood charcoal, ashes, 
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chert flakes, and fragments of construction material.  Biogenic components include 
frequent phytoliths, burnt bone, and small fragments of herbivore coprolites.  Mature 
calcareous features and regions of decalcification are both present.  Many of the former 
are fragmented and redistributed throughout the matrix.  There is some newer 
cementation. 
c) Unit Tr.7: 3 (70.95 – 70.10 m asl) is brown-yellow clay with an 
undifferentiated and calcitic-crystallic b-fabric.  Though macroscopic artifacts are rare, in 
thin section the coarse fraction is rich in anthropogenic material: wood charcoal, ashes, 
burnt soil, chert, burnt clay, and numerous small fragments of construction material and 
plaster-like materials (the morphology of these fragments are found in section 6.4.2).  
Phytoliths, diatoms, shells, bone, and fragments of herbivore coprolites containing 
spherulites are also common, as are degraded spherulites found in the coarse fraction 
independent of coprolites.  At the base of the deposit are fragments of peat.  These coarse 
fragment elements are mixed and randomly distributed.  Fragmented calcareous features 
and material that has been decalcified are mixed together with newer cementation and 
calcitic infillings.  The material is very similar to Unit Tr. 5: 2.  There are a number of 
biogenic crusts and fragments of earthworm casts and insect excrement (Figure 6.14). 
d) Unit Tr.7: 4 (71.30 – 70.85 m asl) is brownish-yellow speckled clay with 
common carbonatic silt and micrite.  The boundary between Unit Tr.7: 4 and Tr.7: 5 is 
typically diffuse.  The groundmass is organized into strongly blocky peds with 
accommodating planar voids and intrapedal vughs.  The coarse fraction constituents are 
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Figure 6.14 – Trench 7.  Unit Tr. 7: 3 biogenic and anthropogenic content.  A) T7-B03 in PPL, 
showing anthropogenic materials, which include charcoal (cc), burnt clay (cl), and ashes.  B) The 
same image in XPL shows the distribution of micrite and the development of calcite hypocoatings 
(hyp). C) In addition to shell and bone, biogenic materials include fragments of herbivore and 
omnivore coprolites.  D) Fragments of peat (arrows) are rare, but are present at the base of Unit 
Tr.7: 3.  Anthropogenic material is similarly common in Unit Tr.7: 2, though typically in larger 
fragments or better preserved than in Tr.7: 3.  T7-B02 captures this unit.  E) A fragment of 
construction material in the unit, with charcoal, bone fragments, and elongated voids and F) 
pockets of wood ash (arrow), shell (sh), and burnt clay (cl).  See section 6.4.2. 
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consistent with Tr.7: 5, though there is more calcitic silt and sand in Tr.7: 4. Additionally, 
the grains of quartz silt and very fine sand are slightly better sorted than the other 
constituents, sometimes appearing in linear distribution. Neolithic artifacts were found in 
this layer in the field.  Calcitic hypocoatings, incomplete void fillings, and calcrete 
development are the most common post-depositional feature.  Impregnative Fe-Mn 
features are also present.  Slight dusty yellow-red clay coatings are present.   
e) Unit Tr.7: 5 (71.35-71.14 m asl) is brownish-red clay with stipple-speckled b-
fabric and a prismatic blocky microstructure.  The micromass is low in carbonate clay 
and silt, as compared to other fabric units in the region (Figure 6.15).  The coarse fraction 
is predominantly calcitic and quartz silt and sand, with poorly sorted larger grains of 
calcareous and basalt minerals. Biogenic materials, such as weathered shell and bone 
fragments, were common.  Phytoliths were surprisingly infrequent – more were expected 
given the amount of overgrowth that occurs on the surface.  Dusty clay coatings and 
calcite voids coatings are present.  Fe-rich clay nodules and Fe staining is common. 
Figure 6.15 – Trench 7.  Unit Tr.7: 5.  A) Sample T7-B06 in PPL showing vertic characteristics, 
in the form of well-accommodating planar voids (arrows) and prismatic blocks (p) throughout the 
red clay matrix.  The vertic features continue into the underlying Unit Tr.7: 4, even as the 
composition changes.  B) Same image in XPL, showing the calcium carbonate rich fine fraction 
and coarse fraction elements such as shell (sh), and quartz silt and sand (q).   
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Summary of Trench 7 
 Based on the micromorphology, the bottommost Unit Tr.7: 1 is interpreted as a 
buried archaeological occupation layer.  Macroscopic artifacts from this layer included 
charcoal, lithics (not yet analyzed), and bones.  Many of these have a bright sheen on 
their surface unassociated with use wear that may be from the movement of clays.  Semi-
aquatic reed fibers of Phragmites sp. were recovered from this layer using flotation 
(Emery-Barbier in Bocquentin, Khalaily et al. 2014), which were visible via 
micromorphology. The gypsum crystal nodule and few algal remains are indicative of a 
period of wetting and drying, though it may be detrital, rather than autochthonous.  The 
micromorphology suggests moderately good preservation – there were limited signs of 
bioturbation, and there were slight indications of layering and sorting in the coarse 
fraction.  Micro-artifacts were present in low amounts, some of which were relatively 
large.  The organization is not indicative of a strongly remixed deposit.  Unit Tr.7: 2 is 
very similar in micromass, but is far less internally organized.  It contains many more 
microartifacts, including evidence for degraded coprolites and more fragments of 
construction material.  The unit is interpreted therefore as an archaeological deposit or a 
colluvium of an archaeological layer.  There are a number of mature calcareous features 
fragmented in the matrix and new cementation.  The implication is that cementation 
occurred before the sediment was reworked, meaning the material was stable for a time 
before being remixed.  More recent cementation covers the older fragments. 
 Just like the lower two units, Unit Tr.7: 3 is also a deposit rich in calcium 
carbonate, and is microscopically similar in appearance to both the carbonatic sands of 
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sample BN10-19.  NPPs from this layer include those of the fungi order Sordiales, which 
are known to be coprophilous and thrive in eutrophic environments, such as lakes and 
marshes (Carrión et al. 2000; van Geel et al. 2003).  Sedge, tubers, and the freshwater 
algae Pediastrum were also recovered (Bocquentin, Khalaily et al. 2014).  In thin section, 
the remains of similar semi-aquatic plants are noted.  Peat peds are found at the base of 
the deposit – these may have been deposited through a brief marsh expansion, or through 
anthropogenic means (e.g., decay of adobe).  Despite these indications, the microstructure 
and distribution of constituents do not suggest fluvial or lacustrine sediment.  Instead, the 
layer is colluvium, mixed with a rich anthropogenic fraction.  These constituents, 
particularly the construction materials, point to this layer’s being an extensive 
archaeological accumulation or collapse, which has been heavily bioturbated.  Unlike the 
lower archaeological layers, however, these artifacts are predominantly microscopic.  The 
deposit is interpreted as having the same composition as Tr. 5: 2.  In the field, we noted 
that the top of the layer was more heavily cemented, although this was not captured in 
thin section.  This observation may indicate that a weak calcic horizon developed in Unit 
Tr.7: 3, indicating that the deposit was stable and near the surface for some time. 
 Unit Tr.7: 4 is a similar micromass with a similar coarse fraction, though it 
appears more pedogenically altered.  Aeolian inputs are more apparent in Tr.7: 4, and it 
was from this unit that other analyses identified NPPs such as Glomus sp. fungal spores, 
associated with plant roots and surface soil degradation (Bocquentin, Khalaily et al. 2014; 
van Geel et al. 2003:881).  The micromorphology suggests an exposed surface layer of 
material similar to Tr.7: 3.  Unit Tr.7: 5 is different – it is a clay rich matrix with far 
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lower carbonate content than the deeper units.  It is not very dissimilar to Unit Tr.4: 2 or 
BN10-10, and it is likely of similar origin.  Like the layer below it, Tr.7: 5 shows signs of 
soil development, and vertic characteristics such as a developing blocky and prismatic 
microstructure.  Though Unit Tr.7: 4 and Tr.7: 5 have different fine fractions, they both 
represent a similar vertic development. 
 Though these five units differ, they can be grouped into three overarching and 
overlapping trends – two lower archaeological layers, the bottom one well preserved and 
the upper one more disturbed, covered by archaeological accumulation that may have 
developed a calcic horizon, and finally the development of vertic soil characteristics on 
the top layers, the latter of which is more similar to the slope material.  These trends also 
tell a brief story about the trench.  The earliest layer (Unit Tr.7: 1) was carbonatic sandy 
and clayey loam sediment with indirect input from the wetlands.  The highly degraded 
coprolites may have been coeval with the occupation, or they could have been deposited 
after usage but before being buried by sediment. Archaeological material (Unit Tr.7: 2) 
covered this layer, and was left stable enough to be partially cemented, before being 
further remixed.  A more extensive colluvium (Unit Tr.7: 3) – very similar to that found 
in Unit Tr.5: 2 – was deposited atop the earlier one, and also was left stable enough to 
become cemented.  Surface features developed (Unit Tr.7: 4), and eventually new, clayey 
sediment (Unit Tr.7: 5) covered the surface, and also developed vertic soil features, 
reflecting the wetting and drying of the seasonal environment.   
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6.3.4 – Trench 6
Figure 6.16 –Trench 6 fabric units, showing the location of sample blocks. The field stratigraphy 
is also shown.  Redrawn after F. Bocquentin, Samuelian et al. 2011:22 	  
Trench 6 is the easternmost and deepest of the trenches surrounding Pond 11.  It is 
~50 m east of Pond 11 and has a top datum of 69.44 m asl compared to the Pond 11 
datum of 71.42/71.52 m asl.  The trench is thus both nearer the ancient shore, as well as 
within the region of Pond 10 that was surveyed and sounded in 1969 and 1971 (see 
Figure 4.01).  The early survey and excavations identified a heavily disturbed Neolithic 
occupation (called at the time PPNB) on the surface, at ~68.50 m asl.  Though the 
remains were extensive, none of the soundings revealed evidence for earlier Neolithic 
layers (Lechevallier 1978).  The 2011 trench, however, did reveal clear evidence of 
earlier Neolithic occupation, including construction material fragments and a section of 
highly degraded plaster floor (Figure 6.16).
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Figure 6.17 – Trench 6.  Unit Tr.6: 1.  A) Coarse fraction elements in T6-B03 reveal fragments 
of shell (sh), and degraded charcoal (cc). B) The same image in XPL, showing a cluster of quartz 
sand and silt (q) and older calcitic features, such as micrite and micro-sparite hypocoatings (hyp).  
C) T6-B01 in PPL showing the massive dusty clay micromass.  D) Same image in XPL reveals 
mature calcite hypocoatings (hyp) in an otherwise low-frequency calcite micromass. It is partially 
decalcified. 
 
a) Unit Tr.6: 1 (68.00-67.20 m asl) is gray-pale brown speckled and dusty clay 
with a predominantly undifferentiated b-fabric in a massive microstructure.  The amount 
of micrite in the fine fraction varies across the sample, but is typically low. The mineral 
coarse fraction contains various sand-sized grains of limestone, tufa, and basalt.  Quartz 
silt and sand is few, and typically clustered together.  Biogenic and anthropogenic coarse 
elements are similar to those of above layers, and are disorganized in the matrix.  At the 
(diffuse) boundary with Unit Tr.6: 2, there are regions of significant plastic deformation 
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of the micromass and finer sand sized coarse elements around larger (fine gravel) grains. 
General decalcification has occurred, isolating and thickening the surviving calcitic 
hypocoatings and coatings (Figure 6.17). 
b) Unit Tr.6: 2 (68.10 – 67.60 m asl) is very pale brown speckled clay and micrite 
with an undifferentiated and calcitic-crystallic b-fabric.  The microstructure is blocky and 
becomes increasingly massive with depth.  The mineral coarse fraction is dominated by 
carbonatic silt and sand, very fine sand and silt sized quartz grains, fragments of  
limestone, and chert.  Anthropogenic materials are present mixed throughout the sample.  
Calcareous impregnative features are common but not ubiquitous.  
c) Unit Tr.6: 3 (68.60 – 67.85 m asl) is a very thick deposit taken from a column 
around the plaster surface (itself too degraded to sample, though fragments are present in 
the column).  Despite the different layers identified in-the field, the samples revealed that 
they are the same.  The micromass is reddish-yellow and pale brown speckled clay with 
micrite and an undifferentiated and calcitic-crystallic b-fabric.  These elements are 
organized into a variety of microstructures:  at the top they have a crumb and blocky 
microstructure, and over approximately 30 cm become increasingly blocky and massive 
towards the bottom (near the floor).  The carbonatic sand- and silt-dominated coarse 
fraction is also rich biogenic elements (e.g., eggshell, bone, coprolite fragments, and 
phytoliths) and anthropogenic elements (e.g., fragments of plaster, burnt clay, many sand 
sized pieces of charcoal and ash rhombs).  Whereas the frequency of carbonate and 
quartz grains remains relatively constant throughout these layers, the anthropogenic 
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Figure 6.18 – Sample of anthropogenic and biogenic material from Unit Tr.6: 3.  A) Fragment of 
adobe in T6-B05, in PPL.  Note the voids left by organic chaff.  B) A fragment of burnt clay in 
T6-B08 with well-accommodating planar voids (pl) from the shrinking of the clay during heating, 
and oval shaped pores from vegetal temper (v).  The fragment may be daub or from a burning 
feature.  C) An animal coprolite (arrow) fragment in the coarse fraction of T6-B04.  Charcoal (cc) 
fragments are also present.  D) Ash and calcium oxalate crystals (a) in a degraded charcoal 
fragment in T6-B05.   
 
coarse fraction increased in frequency towards the bottom of the column.  The deposit is 
very similar to Tr.5: 2 and Tr.7: 3 (Figure 6.18).   
d) Unit Tr.6: 4 (69.00 – 68.35 m asl) is massive yellow-brown and pale-brown 
speckled clay with abundant micrite and an undifferentiated b-fabric.  The mineral coarse 
fraction is dominated by calcitic and quartz sand and silt, with less frequent sand-sized 
grains of limestone and red clay.  Biogenic and anthropogenic components are present in 
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low amounts, and include both fragments of adobe and coprolites (one of which contains 
a diatom).  Hypocoatings and concretions are common.  There are rare red clay coatings 
overprinting hypocoatings.  
e) Unit Tr.6: 5 (69.34 – 69.85 m asl) is a vegetal-rich agricultural topsoil that was 
not sampled. 
 
Summary of Trench 6 
Trench 6 has a variety of fabric units revealing both anthropogenic and 
environmental inputs.  The bottommost unit (Unit Tr.6: 1) is well-sorted fine silty clay 
with frequent shell fragments and degraded plant material.  Unit Tr.6: 1 is interpreted to 
be a paleosol developed on wetland sediment, mixed with anthropogenic and biogenic 
materials.  These materials may relate to the Pond 11 occupation, but could also be much 
older anthropogenic materials that had been already present in the wetlands.  The layer 
may have acted as a surface for a time, as fragments of slaking crusts are present.  The 
plastic deformation at the very top of the layer could have occurred during a wet period 
on the surface as the material of Unit Tr.6: 2 began to be deposited.  Unit Tr.6: 2 is very 
similar to Tr.7: 1 – rich in mixed and degraded anthropogenic material.  The groundmass 
is very similar to the lower Tr.6: 1, but with considerable more quartz sand and silt, 
which may have been deposited both through wind and remixed quartz-rich sediments.  
Based on micromorphology, this layer is interpreted as an archaeological layer that has 
been somewhat disturbed.  The top was a surface for a time – the plaster floor makes that 
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certain – but no surface crust survives.  Rather the top of the layer appears to have been 
reworked.   
At some point after the construction of the floor, the area was filled with 
anthropogenic and carbonatic material (Unit Tr.6: 3) that looks very similar to Tr.5: 2 and 
Tr.7: 3.  NPPs were recovered from the bottom of this unit (in-field designation Layer F, 
roughly equivalent to the –B08 and –B04 samples) and were identified as being 
saprophytic cellulose decomposer and coprophilous fungi.  These fungi are indicative of 
organic rich deposits (Bocquentin, Khalaily et al. 2014:75).  These NPPS could indicate 
the decay of overgrowth on an abandoned occupation.  Alternatively, peats or organic 
waste may have developed or been introduced onto the Unit Tr.6: 2 surface.  In both 
cases, the layer subsequently covered by Unit Tr.6: 3.  The combination of a rich 
anthropogenic fraction and the coprophilous NPPs in the palynological assemblage 
support the idea that this deposit is derived from anthropogenic colluvium.  The deposit 
was stable for a time (Unit Tr.6: 2), and became heavily cemented and eventually covered 
by the lake and marsh sediments (how it was found at the time of drainage).  These upper 
layers were removed, excavated, a reworked, yielding the current Unit Tr.6: 1 topsoil.   
 
6.3.5 – Summary of the exterior trenches 
Whereas the surface samples enabled identification of the different potential 
inputs that contributed to the Beisamoun site, the trench samples provided a deep 
stratigraphy and evidence for landscape changes and usage over time.  The variation 
among these trenches is wide, as is to be expected given the differences in location and 
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elevation.  These differences, however, highlight a commonality:  the presence of a 
carbonatic silty-sandy clay loam deposit rich in microartifacts.  This layer is present in 
Trench 5 (Unit Tr.5: 2, and possibly Tr.5: 1), Trench 7 (Unit Tr.7: 3) and Trench 6 (Unit 
Tr.6: 3).  The fine fabric, mineral, and biogenic components bear a similarity to the 
carbonate shore control samples (BN10-19) and the description of the early Holocene Q4 
deposit (Shtober-Zisu, et al. 2008).  The addition of a rich anthropogenic fraction 
suggests that this similar deposit represents reworked archaeological collapse.  In Trench 
6 and Trench 7, this deposit is situated immediately upon archaeological strata.  In 
Trench 5, the deposit is situated upon Unit Tr.5: 1, which shares the composition, but has 
been largely decalcified, rather than cemented, suggesting that it is an older deposit of 
similar type.  The underlying unit was not revealed.  To the east (Trench 6), the 
archaeological layer is found upon a decalcified paleosol of lake or marsh material.  This 
unit is similar to descriptions of Tr.1: D and Tr.2: D.  To the west (Trench 4), this layer is 
not found (see Figure 4.07).  Instead, a Neolithic lithic dump is covered by a vertic layer 
that resembles both the slope sample (BN10-10) and the description of the sediment 
surrounding the Late Neolithic limestone cobble pits in the Beisamoun-West excavations, 
which is the Q5 material with early Holocene OSL dates (Rosenberg 2010; Shtober-Zisu 
et al 2008).  
The micromorphological work from the trenches provides the first pieces of an 
emerging picture of a long inhabited lakeshore.  Lacustrine and marsh sediments were 
deposited in times of lake expansion; some of these sediments may have already 
contained archaeological microartifacts of Late Pleistocene age.  These sediments may 
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have developed into peaty or organic soils, which aided decalcification of the wetland 
sediments.  During the early Holocene, a Neolithic occupation developed on this material 
and flourished long enough to leave an accumulation of significant areal and volumetric 
extent.  No clear signs of lake flooding or wave action are apparent in the trenches, but 
diatoms in the thin sections and Pediastrum in the NPP assemblage of the accumulation 
layer may point to periods of intense wetness and pooling at the site.  There are other 
indications of minor flooding and pooling in equivalent layers within Pond 11 (discussed 
below), though these could also relate to seasonal rains and rising water tables.  However 
the accumulation formed, the layer appears to have been left exposed for a time.  The 
calcite growth and decalcification are signs of a cycle of wetting and drying and overprint 
the entire area of the site.  The strong cementation in the accumulation layer, to the extent 
of overprinting other impregnative features, suggests a stability of the deposit (though 
some of the overprinted calcite is likely recent).  Micromorphological evidence of 
coprolites, increased aeolian silt and sand suggest periods of abandonments, and areas of 
Fe-Mn staining and crust formation suggest wetting periods.  A vertic soil began forming 
on the top of the accumulation layer in Tr.7: 4, also evidenced by the presence of Glomus 
spores in the NPP assemblages (Bocquentin, Khalaily et al. 2014).  Brown silty clay 
covered the area of Trench 7, and developed vertic characteristics (Tr.7: 5). 
 
6.4 – The Pond 11 occupation 
The trenches revealed that the Pond 11 Neolithic occupation is situated on a 
boundary zone – on the western edge of the lakeshore, and east of the slope material.  An 
	   202	  
expansive anthropogenic accumulation of Neolithic age is situated within this context.  
The results from within the excavated sectors enable significant refinement of  
this picture.  These data reveal both the origins of the large accumulation layer, as well as 
the way the human occupants used, abandoned, and reused the site. 
The two sectors of Pond 11 – E and F – are not preserved equally.  The latter has 
experienced significantly more bioturbation and slumping (both seen in the samples and 
through field observation) (Figure 6.19).  Furthermore, the archaeological remains of the 
latter have been far more disturbed by human activity, with deposits crosscutting each 
other and the removal or reuse of the architecture in later periods.  With this in mind, the 
goal for the Sector F samples was not to understand the intricacies of the sector (this will 
require future fieldwork and sampling), but to connect the better preserved Sector E with 
the stratigraphic trends seen in the trenches, and thus with the wider Beisamoun area.  
Sector E will be examined in far greater detail.  Both sectors will be presented from the 
lowest excavated layers to the highest.  This organization is more suited to the story of 
the occupation and reuse of the Pond 11 site, as discussed in Chapter 7. 
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Figure 6.19 – Features related to bioturbation.  A) There are numerous rodent burrows and root 
holes throughout the site.  The northern profile of U29 in Sector F has been particularly affected.  
Disturbed areas have been colored red.  Scale is 20 cm.  Photograph by F. Bocquentin.  B) Fresh 
roots, such as this one in T7-B07A, are common in the upper layers.  C) The numerous channel 
voids in BN14-23 indicate the past presence of roots, even though they have since decayed.  Note 
the calcitic hypocoatings around the voids.  D) Insect and mite waste (BN13-23) are rare, but 
further denote disturbed and bioturbated sediments.	  
 
6.4.1 – Sector F 
 Trench 3 provided the first direct macroscopic view of the northern sector F (see 
Section 4.5.1).  Oriented west to east (with the eastern portion being incorporated into the 
sector), the trench revealed a base of clay-rich black sediment overlain by several layers 
with PPNC archaeology below a humic top layer.  Excavations within the sector reveal 
numerous strata (see Chapter 4).  The current interpretation (based on preliminary studies 
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of the recovered lithics) is that Sector F represents activity areas and workshops, rather 
than a domestic space.  Two areas from Sector F will be presented below: a central area 
associated with architecture, and a column from the western profile of the sector. 
Figure 6.20 – Samples in the central area of Sector F.  The overlapping architectural phases are 
shown.  The blue layer represents the earliest architecture.  A new phase (yellow) covers this 
phase, though note that in at least one case the earlier structures (Wall 245) are extended by a 
newer wall (228).  A lime surface (238) is connected to this wall.  The latest phase (red) covers 
and abruptly cuts the earlier architecture.  Micromorphology samples are shown in green and 
purple. 	  
 
Central samples (Layers C, B1/B, 01) 
The central portion of the sector is the most heavily damaged.  The surface is 
concave, a reminder of the presence of the original fishpond, and the uppermost layers 
have been eroded.  The topsoil (Layer 0) cuts directly into the archaeological layers.  
Additionally, there appear to have been multiple phases of occupation (as determined by 
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the surviving architecture), making it difficult to differentiate layers in the field and under 
the microscope (Figure 6.20). 
The deepest layer exposed in the center of Sector F is Layer C, a yellow-gray 
material that is compact but friable.  A sample of this material (BN13-09) was collected 
from near a large stone in the layer that was unassociated with specific architectural 
remains.  The pale yellow speckled clay and micritic micromass exhibits angular blocky 
peds with well accommodating planar voids.  Several vesicles were seen in addition to 
vughs and channels (Figure 6.21).  The coarse fraction is dominated with calcitic silt and 
very fine sand, but has a low amount of quartz silt and sand, which is similar to the ratio 
found in sample T7-B05B from the top of Unit Tr.7: 2.  The biogenic and anthropogenic 
elements are also similar to those in Units Tr.7: 2 and Tr.7: 3.  In contrast to these units, 
however, the frequency of charcoal is relatively low. 
Figure 6.21 – A) Vesicles (v) found in BN13-09, in PPL.  These would have formed after a wet 
event or period.  Fissures (f) and planar voids (pl) formed after them indicating that the vesicles 
are not fresh.  Note also the small fragments of weathered bone (b) and charcoal (cc) in the 
matrix.  B) The same form of voids reproduced in the laboratory (Sample SC-02) from a sample 
of Sector E: Layer Ib sediment.  In this case, the sample was gently flooded and left to dry over a 
number of days.  Note the irregular shape of the vesicles in the more granular portion of the 
sample, and the lack of connecting planar voids. 	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Two adjacent stratigraphic layers, B and B1, are above.  These layers both have 
an upper and a lower architectural phase.  Though their field descriptions differ, they 
have proven to be very difficult to differentiate during excavation, and the contact 
between the two has not been well established.  These strata contain a high percent of the 
Sector F architectural remains, including plaster floors and stone foundations of several 
large walls, which are thought to belong to overlapping architectural phases.  The state of 
preservation prohibits clear reconstruction of the structure or structures to which these 
walls and floors belonged.   
Sample BN11-03 belongs to this lower phase (Figure 6.22 and Figure 5.01).  The 
fine fraction is brownish-yellow clay with a massive microstructure.  Micrite and 
microsparite are ubiquitous but low in frequency (the fine fraction is isotropic), making 
the unit visually similar to Units Tr.6: 1 and Tr.6: 2.  The coarse fraction is rich in calcite 
and quartz silt and sand, biogenic, and anthropogenic elements, including fragments of 
plaster-like construction material (see Sample BN11-07C, below).  Evidence of 
bioturbation is low.  The deposit is generally decalcified, which is in marked contrast to 
the presence of thick hypocoatings, which certainly postdate the decalcification. 
Sample BN10-12 comes from the same 1 m2 as BN11-03, and only a few cm 
higher.  It is situated below Locus 243, a small stone layer with many bones and plaster 
fragments.  The massive material was brownish-yellow clay with micrite and had a 
calcitic-crystallic and undifferentiated b-fabric.  The coarse fraction constituents are the 
same as those in BN11-03, but the frequencies of these constituents differ.  Quartz sand 
and silt are few, but anthropogenic (including fragments of construction material and 
	   207	  
Figure 6.22 – The location of BN11-03, west of contemporary wall 245 (not shown), and north 
of later Wall 228, and associated degraded lime surface 238 (see Sample BN11-07, below).  The 
later stone feature 235 (interpreted as a stone-made kiln), which cuts into the Layer B deposit and 
architecture is visible.  The scale shown is 20 cm.  Photograph by F. Bocquentin. 	  
biogenic (including algae) components are common.  Fragments of silt crusts are mixed 
into the matrix, suggesting that they are not in primary context.  There are thick 
hypocoatings, but unlike BN11-03, there is much more micrite mixed throughout the 
micromass.  Rare concretions of red clay and Fe-Mn nodules are present, implying 
periods of wetness and the transport of Fe-rich clays from overlying strata.    
The remnants of Floor 238 are found several meters west of the above samples.  A 
discrete fragment of this floor was collected as BN11-07C (Figure 6.23 and 6.24).  The 
fragment was made of a calcium carbonate substrate with frequent poorly sorted blocky 
quartz sand and sand-sized inclusions (e.g., chert, bone, calcite, and rare igneous mineral  
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Figure 6.23 – Plaster and plaster-like material at Pond 11, part I. A) Sample BN11-07C in PPL, 
demonstrating a calcium carbonate substrate (arrow) rich in quartz sand, in addition to several 
grains of other materials, such as igneous minerals, bone (b), calcite (c).  These sand grains are 
found at a different frequency within the material than in the surrounding matrix, demonstrating 
that they were inclusions into the calcium carbonate mixture.  B) The same image in XPL, 
showing the contrast between the Surface 238 matrix and the underlying deposit.  Igneous 
minerals, such as grains of clinopyroxene (cp), are visible.  C) The lack of preparation in BN11-
07C is contrasted against a thicker plaster surface – Floor 1486 found in Trench 3 (Sample BN07-
G8UT3).  The calcium carbonate paste is low in sand-sized inclusions, but contains well-sorted 
fine gravel-sized pebbles (e.g., limestone and basalt), and smaller inclusions of bone (b) and 
charcoal (cc).  D) A different portion of the sample (in XPL) also contains shells (sh).  In this 
view, it is possible to see the recrystallization (R) of calcite surrounding and cementing the 
micrite matrix (m).
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Figure 6.24 – Plaster and plaster-like material at Pond 11, part II. A) Fragment of white plaster 
from plaster floor 334 in Layer I (Sample BN12-3049.4), shown in XPL to highlight contrast.  
The main portion is a relatively homogenous calcium carbonate substrate with few inclusions of 
sand-sized quartz grains (yellow arrow). A slightly sandier zone surrounds is found the exterior 
(blue arrow).   B) We noted that a portion of the same floor was red, captured here in BN12-
3049.5.  The red color was not created by a pigment on the surface; instead it is the result of 
widespread Fe-staining of the plaster.  C) Quartz sand and silt rich calcareous mud (in PPL) from 
Locus 205, Layer I.  Brown clay coatings are noted within channel voids (red arrow).  D) A 
different portion of the same material, in XPL, highlighting the calcareous mud and quartz 
groundmass.  The dark spot (blue arrow) is a channel void.  This material has been previously 
interpreted as the remains of a platform built of calcareous mud from the Hula (Boness 2012; 
Boness and Goren in Bocquentin, Khalaily et al. 2014).  
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grains).  No preparation was found below the material (i.e., gravel bedding, as observed 
in thicker floors).	  
Sample BN10-08 was removed immediately south of Wall 245, at the same 
elevation, and was called Layer 01 in the field.  In thin section, the matrix was very pale 
brown speckled clay with regions of micrite structured into blocky peds.  The b-fabric is 
undifferentiated and calcitic-crystallic.  In addition to calcitic silt, the mineral coarse 
fraction contains common angular and blocky very fine sand sized quartz.  There is some 
moderate sorting of sand, with some clustered areas of rounded coarse sand of calcite and 
quartz.  There are a number of clay and silt crust fragments distributed in the matrix 
(Figure 6.25).  A significant portion of the coarse fraction is anthropogenic or biogenic, 
mixed in a random distribution.  The recrystallization of calcite is the dominant post-
depositional feature, and many of the elements are partially cemented. 
Above these lower phases is a deposit containing several features, including a 
heavily reworked cremation (B. 246) directly atop the stony layer 243 (the cremation may 
be in secondary context).  A small sample of this cremation (BN13-16) contains several 
fragments of burnt sediment.  Though most are burnt examples of the typical background 
matrix, there are some peds of finely sorted silty clay with diatoms – likely the remains of 
marsh material, perhaps brought into the site for use in the original cremation structure or 
fill, which does not survive.  Sample block BN10-23 comes from several m to the west 
and 20 cm higher, at the western edge of the central area (it is only a few cm east of the 
later stone kiln feature 235 that abuts and cuts into the deposit).  The reddish-yellow and 
very pale brown speckled clay and micritic micromass is generally massive with 
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intrapedal vughs, though it becomes blockier with wider fissures towards the top of the 
block.  The micrite is mixed throughout in an inconsistent way, providing the matrix with 
a ‘mottled’ appearance.  The coarse fraction components are the same as the above-
mentioned samples, with dominant calcitic silt and with common quartz sand.  Most of 
these coarse fraction components are found in low quantities throughout the block 
without any organization, though coprolites are prevalent at the top of the block and quite 
rare at the bottom.  Multiple periods of calcite precipitation are apparent. 
Figure 6.25 – A) Fragment of silt and clay crust in the matrix of BN10-08 (arrow), in PPL.  Well 
accommodating planar voids indicate the continued fracturing of the crust.  B) A silty ped from 
elsewhere in the same sample (arrow), in XPL.  The background matrix has common quartz sand 
and silt.  Note the secondary calcium carbonate features (c).  	  
 
Summary of the central Samples 
The central region of Sector provides evidence for the use, construction, and 
collapse of this portion of the Pond 11 site.  The samples come (with the exception of 
BN10-08) from within the interior of the trapezoidal area bounded by walls. The lowest 
sample, BN13-09 from Layer C, has a low frequency of anthropogenic materials (e.g., 
charcoal) and a number of vesicles.  The interpretation is that this is near (within several 
cm of) the surface of an archaeological layer.  The low quartz silt may indicate that the 
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area was somewhat protected from dust by other structures, though this is conjectural.  
BN10-12 and BN11-03 lay above.  The former is interpreted as archaeological 
accumulation, which may have originated while the already present archaeological layer 
was reworked in preparation for Floor 238.  The fragments of crusts could be indicative 
of the demolished surface, or it may be the result of slow aggradation during seasonal 
cycles of wetting and drying.  BN11-03 differs, both in regard to its being largely 
decalcified, and by being massive and relatively unaffected by bioturbation.   
There are two interpretations of this sample.  The first is that it was purposely 
constructed as a floor preparation layer using silts and marsh sediments, a technique 
possibly seen elsewhere in Pond 11 (see sample BN10-02, Figure 6.24).  The second is 
that it was sediment that was already in position, but was protected and consolidated by 
being below Floor 238.  The former seems more likely, but will require future sampling 
to confirm.  The floor itself was either ephemeral, or only the ephemeral base material 
survived before being covered by a thick (5 to 15 cm) accumulation derived of similar 
material as the layer itself.  Though a significant amount of sandy-lime paste survives, it 
lacks the gravel base and pure plaster seen in other floors.  The surface degraded or was 
removed, and the area filled.  Abandonment of the structure is indicated by the use of the 
area to place cremated remains, as well as the placement of graves around the edges of 
the trapezoidal zone during latter phases.  Micromorphological evidence (BN10-08 and 
BN10-23) demonstrates that this abandonment deposit is derived from archaeological 
material, the former being Layer 01, exterior to the structure, and the latter being Layer 
B, within the interior.  Throughout the structure, different frequencies and post-
	   213	  
depositional processes are present.  That they underwent different degrees of post-
depositional development further suggests that the interior layers were somewhat poorly 
exposed when compared to the exterior region.  Perhaps the walls remained intact for a 
time while the site was being reused around them. 
 
Western samples (Layers B, 01, and D) 
The current western edge of the sector has also been excavated and sampled.  
Three major stratigraphic layers have been identified in the field: B, 01, and D.  The 
lowest stratum contains the remains of a well-preserved tightly flexed and headless (the 
cranium was removed post-internment) adult primary burial 276 (see Figure 4.21).  The 
type of burial is a comfortable fit for the PPNB, as no PPNC example of this form has yet 
been found (F. Bocquentin, pers. comm.).  However, this fact does not preclude the 
possibility that the burial could be PPNC.  Burials in the overlaying 01 layer show 
variation, including one cremation and the inclusion of pig bones into burials, both of 
which are more similar to PPNC or Early PN behaviors.  Situated above burial 276 is a 
large pit feature of predominantly burnt limestone cobbles interpreted as a kiln (Locus 
235).  The building of this kiln resulted in the destruction of earlier features (and 
protected 276), which is most readily apparent by a pile of discarded plaster fragments 
laying on edge to the immediate north of the kiln (Locus 239) (see Figure 4.20).  Smaller 
features such as small pits and postholes are also found in this layer, though the 
relationship between these features and surrounding archaeology is still poorly 
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understood.  A discontinuous deposit of fine-grained, brown-pink material surrounds 
portions of these loci. 
A section was drawn and sampled (Figure 6.26) ~ 1 m west of these features (in 
square X26).  The lowest layer is at the same elevation as burial 276, and appears to be 
the same based upon field observation.  In section, two different microstructures were 
apparent.  The bottom was a thick clayey layer with angular blocky peds, whereas the 
upper portion was organized into long (< 5 cm tall) and thin (1 to 2 cm wide) columns 
running the length of the unit.  Within the top few cm of the bottom unit was a diffuse, 
fragmented, and extremely fragile band of white-gray calcareous material.  Sometimes 
this band was a thin, tight line (< 2 cm), but more often it consisted of unconnected or 
semi-connected calcareous nodules.  The band was discontinuous across the section. 
Samples BN14-5326.5C, -5326.5B, and -5326.5A come from the boundary 
between these units.  They have similar coarse fraction components, though the 
frequencies of these components differ.  For example, biogenic materials (i.e., bone, 
shell, phytoliths, and coprolite fragments) tend to increase in frequency and decrease in 
size higher in the block. Anthropogenic materials (i.e., burnt clay, sand-sized charcoal) 
are ubiquitous but uncommon.  Small grains (< 500 µm) of micrite and micro-sparite are 
frequent in -5326.5B and the top of -5326.5C, corresponding to the calcareous lens.  The 
microstructures of the samples differ, with the thin sections mirroring the macro-scale 
observations.  Sample -5326.5C therefore has an angular blocky structure, whereas -
5326.5A has a columnar microstructure with some vesicles.  The fine fractions differed, 
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Figure 6.26 – Profile of the Western Section of Sector F.  Two blocks presented below are shown 
in place.  Compare this profile to the profiles in Figure 4.08.  Photograph by F. Bocquentin. 
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as well.  In -5326.5C, the isotropic clay fine fraction contained a low amount of micrite, 
similar in appearance to Unit Tr.6: 1.  Fe-Mn staining concentrations were also noted 
along the edges of peds.  The amount of micrite is significantly increased in -5326.5B 
and -5326.5A.  Hypocoatings and cementation also follow this pattern (Figure 6.27).  
Samples -5326.5B and -5326.5A are similar to BN10-08 (also called Layer 01), whereas 
sample -5326.5C is not, despite also being Layer 01 in the field.   
A second block (BN14-5326.9) was removed from approximately 10 cm above 
the previous samples, at an elevation comparable to the deposits of the central samples.  
The deposit was friable yellow silty clay.  Two samples (-5326.9B and -5326.9A) come 
from the block.  In thin section, these two samples are very similar.  The reddish clay 
with micrite micromass is organized into a blocky microstructure with common 
intrapedal vughs and channels, and a few vesicles.  The coarse fraction is dominantly 
calcitic silt with silt and sand sized blocky and rounded quartz grains.  The biogenic and 
anthropogenic coarse fraction elements are the same as those from the anthropogenic 
deposits of the trenches.  These include coprolites, charcoal (including long and platy 
pieces), and fragments of adobe.  Reworked calcitic hypocoating fragments are found in 
the matrix, and intact hypocoatings are present around some voids.  Calcitic pendants are 
present on some grains, whereas other grains are lacking concretions entirely.  Some red 
clay coatings are found on mineral grains, but these are not ubiquitous.  Fe-Mn staining is 
well developed on a number of the grains in this layer.  
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Figure 6.27 – Micrographs of sample BN14-5326.5C.  A) A large angular blocky ped with well-to-
moderately-accommodating fissures (f).  Concentrations of Fe-Mn (arrow) are noticeable along the edges 
of the ped.   Both features may have developed during seasonal wetting and drying.  B) The same image in 
XPL.  The overprinting of Fe-Mn is more apparent in this view.  The low amount of micrite is also notable.  
Calcite hypocoatings around root channels (arrow) and rounded grains of microsparite (c) are seen.  C) 
Groundmass of BN14-5236.5C in PPL.  The clay micromass is mixed with degraded organic material 
(black flecks and bone).  A calcitic foraminifer (ff) is also visible.  D) The same image in XPL shows the 
widespread dissolution of calcite in the groundmass (arrows).  This sample was damaged during 
processing, so some calcite may have been obscured.  E) Compare the above with the groundmass of Unit 
Tr. 6: 1 from T6-B10B.  Note the similar micromass and organic inclusions.  F) The same image in XPL 
shows the presence of rounded grains of microsparite (likely marl).	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Summary of the Western Samples 
The short column from the western profile expands the complicated stratigraphic 
and pedogenetic narrative of Sector F.  The lowest unit (represented in -5326.5C) looks 
similar to the paleosol of Trench 6 (Unit Tr.6: 1).  This unit also bears similarity to the 
descriptions of Tr.3: E.  Although Tr.3: E was generally lower in elevation, the 
topographic ridge (see Figure 4.09) does reach the same elevation as the low unit of 
profile X26.  At the top of this unit is the fragile diffuse lens of calcareous nodules, which 
may have been a calcic crust, formed via wetting and drying, which also produced the 
fissures of -5326.5C via shrink-swell.  Alternatively, the lens could be the highly 
degraded remains of an anthropogenic calcareous surface (e.g., a chalk floor).  The 
remains are too fragmented to interpret, but it should be noted that the lens is at nearly the 
same elevation as the plaster surface in Trench 3.  A human occupation occurred on this 
paleosol, and into it Burial 276 was dug.  A new material (01) was deposited on top (and 
may have slightly truncated the earlier paleosol), which also underwent pedogenesis, as 
evidenced by the development of a columnar structure (Singer 2007).  In the case of this 
unit, the top of the paleosol was truncated, removing the upper horizons.  A vertical 
brown clay shaft that cuts through both bottom units and may be indicative of a root of a 
significant size (e.g., tree root) that was on the contemporary surface.  The implication is 
that there was a period of stability and abandonment following the deposition of the 
bottom unit, and by extension, the occupation that was responsible for Burial 276.  
The deposit above this layer (-5326.9A and B) is much more similar to the matrix 
of the central structures in regards to organization and coarse fraction composition, but 
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with a unique blend of silty carbonatic and red clay micromass.  It truncates the paleosol 
to the north and south of the profile (the brown clay root shaft ends at this layer, as well), 
though it is unclear whether this was a purposeful clearing for a later occupation, or a 
natural erosion of the surface and recovering with new collapse and accumulation.   
 
Summary of Sector F 
 Sector F is an intricate mixture of interbedded materials.  The disorganization 
reflects the archaeology in a number of ways: architectural layers are removed or reused 
and archaeological debris fills strata during abandonment.  The accumulation is in some 
cases a thick deposit between layers, whereas in others, only a thin layer separates strata 
that may be centuries apart chronologically.  In addition to these human activities, the 
sector has been strongly affected by both bioturbation (from roots to rodents) and 
seasonal wetting (from pooling during the wet season and a high water table).  The 
resultant blend of these complex factors of preservation and destruction challenges 
interpretation.  The additional lack of radiocarbon dates from Sector F increases the 
challenge of connecting the locale to the wider Neolithic habitation.  Micromorphological 
results add details to the picture being produced from other micro-and macro-scale 
analysis.   
 The Sector F occupation was built (at least partially) on silty clay similar to that at 
the base of Trench 6.  The material shares similarity to the description of the material 
surrounding MPPNB Structure 150 in Pond 2, the PPNB layer IIIC from Beisamoun 
West, and the descriptions of Tr.1:D, Tr.2: D, and Tr.3:E, all of which are described as 
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dark-brown, gray, and black clay or peaty clay (Khalaily et al. 2015; Lechevallier 1978).  
Further coring will help test this potential connection.   
The western profile shows a clear period of abandonment and stability, enabling 
the development of a soil on the old surface deposit at the base of X26.  A parallel soil 
development is not apparent in the central samples at the same elevation (e.g., BN13-09 
is approximately 20 cm lower in elevation than the paleosol in BN14-5326.5C).  It is 
possible that the central zone postdates the development of the soil, which may have 
eroded or been truncated before being covered by the deposition of C.  If so, then a 
similar paleosol should be found below the main complex in F.  Regardless, 
abandonment and collapse are demonstrated across the sector in other ways, namely 
through architectural remains.  The central structures occurred in several phases before 
being abandoned or filled (e.g., BN10-23), though it is likely the walls still survived to 
some height during this time.  Burials were placed around the structure, which are more 
commonly associated with abandoned buildings than with in-use buildings (Bocquentin 
in Bocquentin, Khalaily et al. 2014).  The ruins were later partially cut into by a large 
limekiln, and surrounded to the west by sediment containing anthropogenic material. 
The combined micromorphological and macro-scale evidence highlights the 
cycles of use, abandonment, and reuse that occurred at Beisamoun.  The abandonment is 
a key part of the story, because the association of burials suggests that it was only the 
building that was abandoned, not the site as a whole.  The following section details the 
better-preserved Sector E, which provides further evidence for this pattern of semi-
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abandonment and reuse and the identification of the ubiquitous anthropogenic colluvium, 
both of which are germane to the discussions in the following chapter. 
 
6.4.2 – Sector E 
The southern Sector E demonstrates better preservation and stratigraphic integrity 
than the northern Sector F, although it, too, suffered damage from the fishponds and 
bioturbation from roots and animals.  The damage is substantial in the upper layers, but is 
of decreasing significance in the lower layers, which are at the heart of the present 
discussion.  The better-preserved archaeology allows a more refined approach to the use 
of micromorphology to ask and answer questions.  Strata are presented from bottom to 
top, with relevant context groups detailed individually (see the profile in Figure 4.18). 
 
Layer Ic 
 Layer Ic is pink-brown silty clay loam that is porous, yet initially compact and 
tends to shine briefly when scratched, after which it quickly crumbles into powder.  Layer 
Ic is associated with the multi-room and multi-phase rectangular building 354 (Figures 
4.14, 4.15, 6.28).  The best-preserved architectural feature is the massive Wall 
301/315/373, which is a multi-course stone foundation with preserved wall material that 
existed through all building phases.  The lowest course is Wall 373, above which is a 
band of sediment (discussed below).  Walls 301 and 315 are above this, marking a 
rebuilding of the wall, but still thought to be coeval to the Ic occupation.  Within this 
layer are many patches and fragments of construction materials (described in the 
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following section), providing ample examples of the variation in these materials and 
enabling their identification in other contexts.  The earliest date from the entire site 
comes from Layer Ic (see Table 4.5 and Figure 4.14), placing the occupation in the late 
8th millennium BCE.  
 The first indication of one of these building phases comes from a patch of pale-
yellow material collected as sample BN12-20, at an elevation of ~ 70.91 m asl, slightly > 
2 m southeast of the current end of Wall 301.  Excavator field notes described the 
material as “chaux” (burnt calcium carbonate material) and “yellow clay” mixed with 
“(burnt?) limestone”.  The material was heterogeneous in thin section, but the majority 
was composed of densely packed angular quartz sand in a calcareous matrix (micrite and 
microsparite). One portion was a nearly pure micrite grain with infrequent quartz sand 
inclusions.  Fe oxide hypocoatings and coatings are present in and around voids in the 
plaster grain, and imply a short period of saturation with water prior to drying, likely on 
the order of days to weeks (Lindbo et al. 2010) The calcareous material was situated 
directly upon blocky sediment containing anthropogenic material that had been disturbed 
by bioturbation, demonstrating that the plaster-material was situated atop a mixed 
anthropogenic deposit (Figure 6.29). 
Approximately 1.5 m northwest of BN12-20 (~1 m directly south of Wall 301) at 
the same elevation was the base of column BN12-16.  Four thin sections (-16A/B/C/D) 
were made from this column, which captured the top 18 cm of Layer Ic and the diffuse 
boundary with the above Layer Ib.  The micromass is very pale brown speckled clay, 
with reddish-brown clasts and an undifferentiated b-fabric.  The microstructure varies
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Figure 6.29 – Varieties of calcium carbonate construction materials in BN12-20, Layer Ic.  A) 
Quartz sands and silt were dominant in the majority of the material (the “yellow clay” of the 
excavator notes, shown here in XPL.  In thin section, this material is very similar to lime Surface 
238 from Sector F (Figure 6.23).  B) Mixed into the sandy matrix were infrequent gravel sized 
grains of more homogenous micrite (the “chaux” of excavator notes), shown here in XPL.  This 
fragment of material is more alike to the plasters of Trench 6 and Trench 3 (Figures 6.17, 6.23, 
and 6.24).  Recrystallized calcite (arrow) is occurs within fissures, as do Fe-oxide impregnative 
features (Fe).  Unlike the surface in Sector F, the extent of the BN12-20 material is too limited to 
determine if it were once a floor, a simple lime or chalk surface, a plaster processing area, or if it 
was only a collapsed fragment of plaster.  All of these interpretations require that the underlying 
deposit provided a surface, suggesting that this band of lime paste may represent a boundary 
between phases.  	  
 
vertically across the column but is typically blocky.  The biogenic and anthropogenic 
coarse fraction elements seen in other samples are common here, but with important 
changes in frequencies.  At the base of the column (-16D) there is a high frequency of 
biogenic materials (e.g., phytoliths, diatoms, and coprolite fragments), including a well-
preserved herbivore coprolite.  This sample is at the same elevation as BN12-20, though 
the distance between the two makes the relationship uncertain.  Disturbed material 
overlays this, with clear insect burrows and channel voids.  Approximately 5 to 10 cm 
higher in the column (~ 71.00 m asl) there is another high frequency region of biogenic 
materials (e.g., phytoliths, diatoms, and coprolite fragments) and anthropogenic materials 
(e.g., charcoal, ashes, fragments of construction material, and burnt clay).  Small (< 5  
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Figure 6.30 – Signs of abandonment within in Layer Ic.  A) A well preserved herbivore coprolite 
fragment in BN12-16D, at ~70.94 m asl.  Phytoliths (arrows) are numerous and degraded 
spherulites are present.  B)  A fragment of silty-clay matrix with vesicules (v) in BN12-16B, at 
~71.00 m asl.  The fragment is made from the typical Layer Ic material, and contains phytoliths 
and charcoal.  Fragments such as the one pictured help indicate the presence of a temporary 
surface, even when the surface iteself no longer survives.  Note the Mn staining on the top of the 
(arrow), developed during a wet period.  C)  A fragment of construction material in the 
groundmass of BN12-16B, circled.  Note the elongated voids (blue arrow) from plant temper and 
long thin fragments of charcoal (red arrow) that differentiate the artifact from the surrounding 
groundmass.  See the following section for a discussion.  D)  Vesicles in a patch of construction 
material from sample BN13-12, at ~71.05 m asl (see Figure 6.35).     	  
 
mm) fragments of silty vesicular crusts were mixed throughout the sample, and a clay 
coating was pressed against a large limestone pebble (Figure 6.30). 
Other samples also demonstrate a layer of reworked deposits centered around 
71.00 m asl (± several cm).  The base of column BN12-05 was situated at this elevation 
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(71.01 m asl), ~1.5 m southeast of BN12-16 (near the location of BN12-20).  The 
bottommost sample (-05C) contains a number of fragments of construction materials and 
burnt clay, silt crusts, ashes, charcoal, and coprolites.  Several of these are rounded with 
coatings of matrix material.  Sample BN13-12 was collected from a patch of very hard 
sediment to the immediate south of the Wall 301 – about 4 m directly northwest of 
column BN12-16 (~71.05 m asl).  The excavators described the patch of matrix as fine 
silty-sand material that was cemented but friable, with some gravel inside, and suggested 
it was a patch of construction material.  Under the microscope, this material was brown 
yellow clay with micrite structured into blocky peds with intrapedal vesicles and long, 
thin ovoid pores.  The coarse fraction contained fragments of burnt clay, plaster-like 
material, and construction materials.  Channel, passage voids from roots and weakly 
developed rhizoliths are present, as are mite excrements, and decaying recent organic 
material.  Cementation occurred across the whole sample, and calcitic pendants and 
coatings on grains are present in a non-uniform fashion.     
Whatever the nature of this large eastern space in Structure 354 was (interior 
room, courtyard space, or a combination of the two), the micromorphology points to 
several inferences.  First, the base material is a silty and sandy mix of clay and micrite – 
by now a familiar material at Pond 11.  Second, though the architectural subdivisions of 
the space attest to at least three phases of building, microstratigraphic traces of these 
divisions are very subtle.  There are two potential surface layers upon which material 
accumulated: ~70.93 m asl (as shown in BN12-20 and BN12-16D) and ~71.00–71.05 m 
asl (BN12-16B/C, BN12-05C, and the bottom of BN13-12).  These two elevations may 
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represent different surfaces from two different phases, or they may represent topographic 
variation within the same surface.  In either situation, there was a surface that allowed the 
accumulation of archaeological material.  These materials appeared to have undergone a 
period of wetting and drying, as demonstrated by the formation of Fe oxide hypocoatings 
and vesicular crusts.  These signs were then mostly demolished and reworked through 
both biogenic and mechanical agents (e.g., clay coatings on grains, and root and insect 
channels).  There is no clear layer-wide bedding of components, suggesting that the water 
may have been from puddling, rather than flooding.  There is also no evidence for 
pedogenesis between layers to indicate the length of time of the abandonment.  
Therefore, the abandonment (-s) could have been seasonal, or considerably longer. 
 
Morphology of earthen construction material at Beisamoun 
 The identification of construction materials (brick/adobe/pisé in particular) has 
already been used several times to help interpret a deposit as accumulation or collapse.  
These identifications required the study of construction materials at Beisamoun.  The 
great majority of these have been found as fragments within deposits, and no complete 
brick has been found at the site, making it impossible to properly identify the material as 
brick as opposed to pisé or adobe.  The use of the term brick/adobe in this dissertation is 
therefore tentative; going forward I will use the neutral term adobe for the generic earthen 
construction material. Despite this lack of intact pieces, several relatively complete 
fragments have been found in-situ in primary contexts.  These samples allow for the 
creation of a diagnostic list of elements and porosities.  
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The first of these is sample BN14-3426.8, which is one of the only largely intact 
burnt fragments found at the site (in any layer).  It was found in Layer Ib, to the far west 
of Wall 315/373, where we suspect the original northwest corner of the structure to be.  
The heating of the material preserved the porosity of the microstructure; vesicles and 
vughs are spread throughout, and long, thin ovoid planar voids are common.  Fe-Mn 
staining is often found around these voids, from the decay of organic temper.  The 
micromass is reddish clay and micrite, with an undifferentiated and calcitic-crystallic b-
fabric.  The coarse fraction is rich with charcoal, both sand-size blocky fragments and 
long, thin sand-sized fragments.  Ashes are common, found both as clumps and as 
individual crystals spread throughout the matrix.  Shell and bone fragment of irregular 
size and shape were present, spread unevenly throughout the matrix.  The same trend was 
true of grains of limestone, chert, and clay.  Phytoliths and diatoms are frequent, but are 
usually found individually, rather than in clumps.  Calcite spherulites are abundant and 
spread throughout the matrix, both in association with apatite nodules (interpreted as 
coprolite fragments) and within the matrix (Figure 6.31).   
Whereas sample  -3426.8 was rare because it had been burnt, there are many 
examples of unheated adobe that show the same collection of features, with only subtle 
variations on the form presented above.  Sample BN14-28 was collected to the immediate 
east of Wall 203 - a short stone foundation that is currently interpreted as the damaged 
remains of the northeast corner of Structure 354.  The fine and coarse fractions are almost 
identical to those in -3426.8, though shells are infrequent and basalt is more common.  
The porosity was similar to that of -3426.8, as well, although there was a decrease in 
	   229	  
Figure 6.31 – Structure, porosity, and groundmass of construction materials.  A) BN14-18 in-situ, from 
Locus 326, a patch of construction material found within Layer Ib.  B) BN14-18 in the laboratory.  Larger 
fragments of charcoal (cc) and impressions of plant matter (i) are visible.  The typical porosity (p) is also 
apparent.  Scale is in cm.  C) Burnt sample BN14-3426 in the laboratory, showing the characteristic red 
color of heated clay.  Plant impressions are also visible (i).  Scale is in cm.  D) Micrograph of sample 
BN14-10, showing elongated voids.  Note the Mn concentrations around the walls of the void from the 
decay of organic material – presumably plant temper in the original material.  Charcoal (cc) and bone (b) 
inclusions are present.  E) Elongated voids and vesicles in burnt sample BN14-3426.  A fragment of burnt 
plant material (arrow) is still present within the void.  F) The fine fraction has a relatively low calcium 
carbonate content, which is typically in the form of microsparite, rather than micrite.  
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Figure 6.32 – Common components of earthen construction material.  A) Charcoal is the one of the most 
common ingredients, as demonstrated in sample BN14-3416.1.  The majority of fragments are long and 
thin, though larger (1-3 mm), blocky fragments are common.  B) A number of inclusions indicate the use of 
marsh sediment in the composition of construction materials.  A grain of peat (p) containing a small shell 
fragment (arrow) is found in -3416.1.  C) Small amorphous phosphatic nodules containing calcite 
spherulites are common, such as this fragment in BN14-3568.1 from Layer Ib, shown in PPL.  These are 
interpreted as fragments of herbivore coprolites mixed into the matrix.  D) The same image in XPL shows 
the calcite spherulites more clearly.  E) In addition to charcoal, clumps of wood ash and calcium oxalate 
crystals are common.  These are often not in contact with charcoal, as in this image from -3416.1, implying 
that they were added separately.  F) Isolated calcite spherulites are sometimes found with ash clumps, 
suggesting the burning of dung, as shown here (arrow) in XPL in BN14-3426.8. 	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vesicles and an increase in vughs and channels.  The difference in porosities may be that 
the latter sample (unheated adobe) is more malleable than the heated fragment.   The 
original vesicles collapsed from pressure, while roots, insects, and earthworms were able 
to tunnel into the soft matrix.  
Across the site, a number of similar fragments were found – particularly at the 
boundary of Layer Ic and Ib, and within Layer Ib.  Although there was considerable 
variation in the frequencies and distribution of different coarse fraction components and 
porosities, they all shared the same basic morphology (Figure 6.32).  Samples BN14-10 
and BN14-3568.1 are presented in Appendix B as further examples.  Though these 
samples were similar under the microscope, none of the fragments were consistent in size 
or shape, despite mold-made bricks being found quite early in the Neolithic (for example, 
Biçakçi 2003). The majority of earthen materials are either found as discrete, but 
incomplete and irregular chunks, or as large patches with diffuse boundaries into the 
surrounding matrix.  I suggest that if the material truly was brick, then they have 
degraded significantly enough that they have melted together.  Though melted and 
degraded, they maintain enough of their diagnostic compositional features to be 
recognizable under the microscope, although much of their porosity has been lost.  An 
example of this is sample BN14-3416.1, which comes from a large pinkish-brown deposit 
called Locus 387, which is interpreted as collapse from the western corner of wall 
301/373.  No discrete fragments were seen in the field; however, microscopic analysis 
reveals the typical components and porosity of adobe.  Sample block BN12-10 (samples -
10A/B) comes from a similar deposit 4 m east and 15 cm lower in elevation (Locus 326).  
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This patch of material is found directly next to the small subdividing Wall 335 (part of a 
later phase of the Ic layer) (Figure 6.33).  The top of the samples shows numerous 
discrete blocks of adobe, but also elements of this material (components and porosity) 
blending into the surrounding matrix.  Without the diagnostic porosity, the construction 
material and the surrounding matrix are almost impossible to differentiate.  The 
micromass and calcitic silt and sand content of both are nearly identical.  The implication 
of this observation is that the construction material is made from the same basic material 
as the occupation, and conversely, much of the accumulated sediment could be made of 
degraded adobe.   
To test this hypothesis, three small samples of construction material – one intact 
fragment of a single adobe mass and two groups of smaller crumbs – were purposely 
destroyed in the laboratory.  The first test was used to observe how the material slaked or 
degraded when exposed to extremely low energy water, as would occur with pooling 
water (after a rainstorm, for example).  One sample of intact material and one of crumbs 
was gently covered with deionized water and left to dry.  In this case, the intact piece 
(Sample SC-01A) retained much of its original structure, with some resorting and the 
creation of vesicles towards the upper portion of the sample.  The unconsolidated crumbs 
(Sample SC-01) faired differently. Much of the matrix separated and settled in with very 
slight size grading.  A fragmented, thin silt crust formed. Some of the original structure 
survived – those pores that had been lightly 
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Figure 6.33 – The degradation of construction material.  A) Wall 335 in Layer Ic.  Surrounding 
Layer Ic walls (W) and surfaces (S) are in white.  The location of Layer Ib burial (B) 341 is seen 
against the massive wall 301/315/373.  The location of BN12-08 on the wall (see Figure 5.01 and 
6.34) and BN12-10, collapsed adobe (L.326) to the west of the wall, are circled in blue.  
Photograph by F. Bocquentin.  B) A fragment of adobe in PPL from sample BN12-10A at the 
boundary of Layer Ic/Ib.  Note the characteristic void pattern of the adobe/brick (arrow), and how 
the groundmass of the adobe blends easily into the surrounding matrix.  C) The same image in 
XPL.  Cementation of the collapse is apparent in the surrounding voids (arrow).    
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cemented survived as large fragments.  New vesicles formed in the sandy portion as air 
bubbles were trapped by the material.   
The second test was designed to observe how the construction material became 
reorganized when subject to more energetic processes.  The second piece was mixed with 
deionized water and gently stirred before being left to dry.  This sample (ST-05) settled 
with clear grading.  Coarser and denser sand grains settled to the bottom, above which 
formed a layer of vesicles.  Finer sands settled above this, along with a thin band of 
carbonate that settled together.  Silt and clay crusts formed at the top, but during drying 
and impregnation separated entirely from the rest of the sample. 
These examples provide a guideline for reconstructing the recipe and manufacture 
of these construction materials at Neolithic Beisamoun.  The majority of these coarse 
fraction elements are the same sorts that are found in the carbonatic shore control sample 
(BN10-19), implying that the base material was the local carbonatic sandy and silty 
shore.  The presence of diatoms, shells, and rare peat fragments also indicate the 
inclusion of marsh sediments, such as calcareous mud.  Other materials were added to 
this base mixture.  For example, herbivore or omnivore dung was almost certainly 
included deliberately as an ingredient, as were ashes and charcoal.  The prevalence of 
long thin charcoal fragments (typically ranging from 0.5 to 2 mm), rather than irregularly 
shaped fragments, is interesting.  The small size of these fragments precludes the idea 
that they were purposely selected for their shape and size.  It is possible that these small 
fragments are post-depositional, having been added via trampling or shrink-swell, 
thought their presence in the burnt fragment may argue against this possibility.   
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Alternatively, it is probable that the frequency of these fragments is due to a prior 
decision about the selection of plant material for burning or the manner used to sort 
appropriate ingredients from the burning feature from which they came.  The presence of 
shells, bones, and other anthropogenic materials may or may not be purposeful – they 
could either represent background material in the base carbonatic sandy matrix or in the 
fires that produced the ashes and charcoal, or they could have been added purposely as 
temper.  Bones are frequently heated (based on color), suggesting that they are at least 
derived from the fires with the ashes and charcoal.  The same is true of the phytoliths and 
diatoms, whose presence may be the result of the purposeful addition of marsh and lake 
sediment, or could simply be background marsh and lake sediment mixed into the locally 
mined shore material.  Though surviving plant temper is not found, it was most likely 
present and has since decayed.   The long, thin void spaces and the staining around these 
voids are evidence for this, and the presence of macroscopic plant impressions in other 
samples is further support.  All of these materials – locally mined silty clay loam, dung, 
charcoal and ashes, and plant temper – were mixed and wetted (indicated by the presence 
of vesicles) and packed into proper shape or location, and then used.  The heating of a 
few particular pieces may have been on purpose, but they could also have been burnt 
accidentally elsewhere before being put in place.  
The laboratory tests highlight both the friability and the durability of these 
unburned adobe materials and suggest the manner of their destruction.  When subject to 
low energy water, such as gentle pooling and rain runoff, large pieces tend to retain their 
porosities, particularly if they had undergone post-depositional cementation.  Small 
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grains could be dislodged, however, and vesicles were able to form in the more plastic or 
loosely packed areas, particularly near the surface.  Already disaggregated fragments 
were re-sorted by size and density, and cemented fragments could be re-sorted but 
retained their original porosity.  Crusts and grading were visible.   
When more energy was added, most of the original structure was lost, with only 
the most cemented pores surviving.  Once again, the loose sediment was sorted into 
graded beds.  In both cases, these graded beds were very fragile.  Silt and clay crusts 
fragmented and separated under ideal conditions (the laboratory), and are therefore 
unlikely to have survived in situ, except in rare cases.  Their fragility provides an 
explanation for why they are found so rarely, even in contexts in which they are expected 
(surfaces, for example).  In general, the result of the slaking was a blocky fabric that 
closely resembled the fabrics found in Pond 11.  This observation supports the hypothesis 
that a significant portion of the anthropogenic and carbonatic accumulation (particularly 
those sections with the typical charcoal, coprolite, and ash content) is the result of the 
degradation of construction material, and that this degradation was not the result of 
energetic water action, but rather low energy action such as seasonal rainfall, runoff, and 
pooling and puddling. 
 
The walls of Structure 354 
The many patches of fallen construction material that represent the top of the Ic 
occupation suggest that Structure 354 was abandoned and was allowed to collapse (this 
collapse may have occurred with or without human intervention).  The collapse was not 
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total, however, and there is ample evidence for the survival of certain walls into later 
layers.  The possibility that these walls survived into later periods was first suggested in 
the field when later walls and floors (from Layer I) were found to be immediately above 
or bounded by the earlier walls, but separated in some cases by tens of cm of sediment 
(see Figure 4.15).  During the excavation, we asked how much of the earlier construction 
was actually still extant during the later periods.  The answer to this question is 
significant to our understanding of how the different phases of the site related to each 
other.  Samples of the material directly above (or between) Layer Ic wall foundations 
were collected to answer this question.   
The first sample is from Wall 335 (see Figures 4.15, 5.01, and 6.33).  It was made 
from a single course of small stones.  A sample was already in place to remove what was 
at the time considered unusual sediment when the underlying wall was found.  When 
sample BN12-08 was removed, one of the small wall stones came with it, enabling a 
view of the actual contact between stone and overlaying matrix.  There is an overall 
heterogeneity to the material above the wall layer; however, there are definitive 
fragments of construction materials in direct contact with the wall stone.  A red clay 
coating lines the stone beneath the wall – this is likely the result of clays collecting 
against the impermeable stone, rather than a mortar or layer of securing clay.  That the 
brick or adobe is pressed directly upon non-level stone suggests that it was plastic enough 
to mold to the necessary form, possibly being wet at the time of placement.  Deformed 
vesicles are present in high numbers within a few cm of the stone, which may have 
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Figure 6.34 – Adobe of W. 335.  A) Sample of BN12-08 in PPL, showing the adobe pressed 
against the limestone wall stone.  Common adobe characteristics, such as charcoal (cc) and long, 
thin voids (pl) are present.  Deformed vesicles (v) can be seen near the wall stone.  B) The same 
image in XPL highlights the red clay coating along the wall stone (arrow).	  	  	  
formed at the time of placement, as air was squeezed out by pressure, or later during the 
degradation of the material once it was buried in wet sediment.  The former seems most 
likely.  Wall 335 would have been visible for a time after the collapse (Figure 6.34).   
The massive Wall 315/301/373 (Figure 4.15) had an architectural presence in all 
of the subsequent layers, and it was therefore important to determine the extent to which 
it survived from one layer to the next.  The first sample comes from the eastern portion of 
the wall (Wall 301/373).  As stated above, the wall is thought to represent multiple 
phases of Layer Ic.  In profile, Wall 373 a thick foundation of large stones was overlain 
by two phases of hard, friable sediment (Figure 6.35), which is about 10 cm thick.  A 
second stone foundation, composed of medium sized stone is set above this material, at a 
level plane.  Sample BN13-13 was taken from this profile, and three microfabric units (-
13.i/-13.ii/13.iii) were described.  All three shared typical adobe components, though they 
differed in frequencies.  Only the middle section (-13.ii) had the typical porosity; the 
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upper microfabric unit (-13.i) was blocky with intrapedal vughs, channel voids, passage 
features, and rare vesicles.  Between the blocks are well accommodating planar voids.  
Roots are clearly present in in this upper unit.  The lowest unit (-13.iii) has clearly been 
more disturbed, and is quite granular in areas, though some original porosity survives.  
There are also some vesicles formed among the granular peds, similar to those formed in 
the sandy fraction of sample SC-01.  In addition, most of the deposits exhibit an 
undifferentiated b-fabric, but there are zones of slight stipple-speckled b-fabric in the 
lower section, which may have resulted from clays seeping into the matrix from higher 
material, though there is no sign of translocation of clays in -13.i.  
Figure 6.35 – The adobe of Wall 301/373.  A thick mass of adobe separates the large stones of 
W. 373 (red arrow) and the smaller stones of W. 301.  Sample BN13-13 comes from the wall 
itself.  A hard mass of silty clay, which was determined to be wall collapse, (yellow arrow) was 
found directly in front of the wall.  Sample BN13-12 comes from this material, and is interpreted 
as wall collapse.  Photograph by F. Bocquentin.	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The entire deposit is adobe material, though variations exist across it, showing the 
natural heterogeneity of the material.  The possibility exists that variations on the recipe 
were used for different parts of the wall.  The only other relevant sample (BN12-08, 
above, Figure 6.34) could be considered evidence against this possibility.  The 
differences in structure and porosity lead to a different interpretation.  The -13.iii unit is 
more disturbed because it is an older wall that had degraded, with small amounts of clay 
seeping in from higher layers that have since been eroded.  At some time, the wall was 
rebuilt with new materials (-13.ii).  This layer of brick or adobe also suffered some loss 
or degradation, and was either built upon with newly leveled material in preparation for a 
new foundation, or was already degraded before being compacted and leveled for the new 
foundation.  The placement of foundation stone on top of brick or adobe is an unusual 
construction method, and seems unstable for a tall wall.  The suggestion is that either 
much of the wall was buried, or the wall above it was not as substantial as reconstructed.  
In either case, this is the first indication not only of the survival, but also the reuse, of 
earlier walls. 
Another example occurs 6 m further west along the wall, at Locus 389 (Figure 
6.36), where a patch of material discovered immediately between the top of Wall 315 (the 
Ic wall) and Wall 362, a wall associated with the much later (ca. 400 years) Layer 0a.  
Wall 362 is comprised of small stones built in a slight dome atop a bulge of sediment 
about 20 to 30 cm high.  This material is situated immediately atop Wall 315; the base of 
it is situated within Layer Ic.  This association led to the hypothesis that Locus 389 was a 
surviving wall that was rebuilt for use in the later structure.  A small piece of this locus 
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was collected sample BN14-3472.2.  In thin section, this material displays typical coarse 
fraction characteristics of well-preserved construction material.  The relatively intact 
material suggests that this portion of was not exposed to eroding influences.  One 
possibility is that originally it was higher, while accumulation built up around it during 
intervening occupation.  The wall above the surface degraded, until only a small portion 
was visible when the 0a wall was being built. The degraded top of the wall melted into a 
dome shape, which was used as the base for a new foundation. 
Figure 6.36 – Locus 389, showing a patch of construction material directly between the stone foundation 
of Layer Ic-era Wall 315 and Layer 0a-era Wall 362.  Note the curve of the top of Locus 389 and the 
overlaying stones of 362.  Photographs by F. Bocquentin.	  
 
Summary of Layer Ic 
 Layer Ic represents the earliest radiocarbon-dated occupational period in the Pond 
11 locale.  Unlike the strongly decalcified clay base of Trench 6 (T6-B01, -B02, -B03) 
and the clay vertisol of the X26 profile (BN14-5236.5C), the matrix of the Sector E is 
entirely derived of carbonatic sandy and silty clay loam, comparable to the BN10-19 
control sample.  A combination of archaeology and micromorphology reveals a series of 
at least three phases to this layer – each one reusing the remains of the earlier phase while 
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adding new features.  These phases were associated with breaks in occupation of 
unknown length.  They could have lasted for days or years or decades; the final semi-
abandonment of Ib (see section 4.5.3) was considerably longer.   
The micromorphology of the top of Ic gives the first clues to this long semi-
abandonment.  First, structural elements of Structure 354 were allowed to collapse.  Piles 
of wall material slumped and fell haphazardly.  Vesicles and rare silt crusts formed where 
water collected.  Adobe (itself made of the local material) degraded and slowly filled the 
interior of the structure, covering the lowest courses of the walls.  Calcite precipitation 
weakly cemented the top of Layer Ic, and providing it with the characteristic hardness 
(see Figure 7.02).  Though Structure 354 was semi-abandoned and left exposed, it was 
not forgotten.  First, the ruins were reused –discussed thoroughly in the following section.  
Second, the ruins remained visible, even centuries later.  Micromorphological analysis 
demonstrates that the walls of the early occupation were not only extant several centuries 
later, but were providing the foundations for the new structures. 
 
Layer Ib 
The data and reconstructions listed above demonstrate that a large, multi-phase 
building was left abandoned, and left to collapse under the combined effects of time, the 
environment, and human activity.  Eventually, the ruins of Structure 354 were covered 
and filled with a dense pinkish-brown silty-sandy clay loam.  No permanent architecture 
dates to this period – Structure 354 does not appear to have been rebuilt, subdivided, or 
permanently inhabited during this period (Figure 6.37).  Three radiocarbon dates have 
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been recovered from within the layer, placing the deposit to the early-middle 7th 
millennium BCE (Table 4.5).  There are about 400-550 years between the earliest 
radiocarbon date in Layer Ic and the latest radiocarbon date in Ib (recovered from below 
Layer I architecture).  Unfortunately, there is not enough resolution to identify the age of 
the Ic to Ib transition (E. Boaretta, pers. comm). 
Even though the ancient Structure 354 was not being rebuilt or re-inhabited, the 
space continued to be used.  Several archaeological features date to this period, some of 
which make use of the ruins, some of which destroy the ruins, as described in Chapter 4. 
The Ib layer is thus capable of providing the first insights into the role of the ruins of 
Structure 354 in later cultural phases.  These insights provide the base of my later 
discussion about cultural continuity or discontinuity at Neolithic Beisamoun. 
Layer Ic and Layer Ib have proven to be very difficult to differentiate in the field. 
Excavators have noted that their distinctions are generally based upon the texture, and 
often miss the contact between the two when excavating (pers. observation).  The top of 
the BN12-16A sample (see above) captures the transition from a thin band of Ib (below 
Layer I Locus 320, described below) south of Wall 301.  The micromass is the same 
between the Ib and Ic layer.  The coarse fraction components are also the same between 
the two layers, but frequencies differ, with more phytoliths and ashes in the Ib matrix.  
There is also a clear difference in microstructure.  The base of the Ib matrix is a single 
blocky diagonal ped with vughs, vesicles, and moderately separating planar voids.  
Calcite reprecipitation (typically in the form of hypocoatings) is present in both, but these 
are less regular (both in distribution and frequency) in Layer Ib.
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Figure 6.38 – Thin sections BN12-05A and -05B.  Blocky peds (arrows and dashed circle) and 
coarse fraction elements (e.g., charcoal (cc)) are reworked throughout the sample, surrounded by 
smaller crumbs.  Gypsum from the sampling and a large limestone (L) pebble can be seen.  	  
Block BN12-05 (sample -05C was mentioned above) contains brick/adobe 
fragments at ~71.01 m asl.  Surrounding and covering this material (samples -05B and -
05A) is a similar micromass with a heterogeneous coarse fraction rich in reworked soil 
peds, fragments of coprolites, brick/adobe, burnt clay, clumps of ashes and charcoal, 
chert flakes, and silty and sandy crusts.  Biogenic materials (e.g., shell fragments, 
phytoliths, diatoms, and free spherulites) were also frequent.  The coarse fraction 
elements were distributed through the sample in poorly defined clusters, as would be 
expected if the material were being mechanically reworked, breaking apart clusters and 
crusts and redistributing them through the matrix.  Biogenic materials (e.g., shell 
fragments, phytoliths, and diatoms) were also frequent.  Calcite reprecipitation is the 
most common post-depositional feature, and both hypocoatings and orthic nodules of 
calcite are present, though these are not uniformly developed within the matrix.  
Examples of Fe-Mn impregnation are present (Figure 6.38 and Figure 6.39).   
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A similar distribution of anthropogenic and biogenic rich coarse fraction elements 
is found in other samples from this layer, wherein rich patches of coarse fraction 
elements are unevenly mixed through the micromass. Although sand-sized grains of 
charcoal, ash crystals, and coprolite fragments are ubiquitous, no clear microartifact 
pattern is present that may enable a detailed picture of the use of the ruined structure 
during this period.  The background micromass is micrite and micro-sparite rich clay, 
very much like Unit Tr.7: 3 (and the other comparable units).   
Bioturbation and mechanical reworking is apparent across all Layer Ib samples, in 
the form of channel voids, calcified root hairs, earthworm and mite waste, and fragments 
of bedded or vesicular crusts.  Post-depositional and textural features are also well 
attributed within this deposit.  Isolated lenticular gypsum crystals are uncommon but 
ubiquitous.   These are often found in isolation, implying either that they have been 
transported from elsewhere, or that they represent disturbed gypsic nodules.  Fe and Mn 
stained concentric clay nodules (seen throughout the site) are slightly more common in 
this layer, as are Fe-Mn impregnative features (see Samples BN14-08, BN14-23, and 
BN12-12A and -12B).  Both calcite impregnation and decalcification features are found 
throughout the layer, with well-developed calcareous pendants, coatings, and 
hypocoatings found near regions of decalcification, and fragments of calcite features 
reworked and cemented into the micromass.  Occasionally, Fe-Mn coatings are found 
around calcareous features.   
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Figure 6.39 – Evidence for collapse and abandonment in Layer Ib.  A) Micrograph of BN12-05A in PPL.  
Micro-artifacts, such as bone (b) fragments and chert (ch) debitage are common and randomly distributed 
throughout the deposit.  A band of quartz sand in this image may be a dislodged fragment of crust or the 
result of bioturbation (arrow).  B) A large fragment of burnt clay in BN12-05B, with inclusions of bone and 
quartz sand.  A crust of Layer Ib material is attached to the fragment.  C) A fragment of a silty clay ped in 
BN12-05B, containing a fragment of shell (sh) and small fragments of charcoal (cc).  D) Sample BN12-
12B in PPL.  A calcite pendant on the bottom of a limestone fragment that has cemented the surrounding Ib 
material.  E) Sample BN14-23, in PPL. Vughs and channel voids with thick calcitic hypocoatings, derived 
from inundation with calcium-carbonate rich water.  F)  The same image in XPL showing the extent of 
calcite impregnation.  Note the charcoal with calcium oxalate in the matrix (arrow).	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These features indicate both periods of stability and abandonment, and significant 
usage and reworking, both by animal and plant activity, and human usage.  Though no 
major architecture (i.e., walls) can be attributed to this period, several burials and features 
are situated within the deposit and attest to the human reuse of the abandoned building.  
The most important of these is Burial 338, the cremation structure built into the Layer Ic 
occupation (Figure 6.40; cf. Figure 2.04).  Samples BN12-18A/B, BN12-19, BN13-08, 
and BN13-23 come from this context unit.  They reveal several interesting details 
germane to the present discussion.  First, the structure is not built of clay or brick, but is 
rather constructed from a material very similar to the plaster-like material of Floor 238 
(Sample BN11-07C) of Sector F and BN12-20 of Layer Ic (and to another Layer Ib 
feature – Locus 350 – mentioned below).   The top of this structure appears to be slightly 
decalcified, as the micrite is much denser in the lower portion of the structure.  Second, in 
thin section, the fill is identical to the surrounding matrix, supporting the interpretation 
that the cremation is in primary context, as put forward by skeletal analysis (Bocquentin, 
Khalaily et al. 2014).  Both the fill material and the material immediately exterior are rich 
in anthropogenic materials, including burnt clay with chaff voids, adobe fragments, 
charcoal, phytoliths, diatoms, and small (< 2 mm) fragments of coprolites.  Though the 
coprolites could be representative of cremation fuel, the likelihood is that most of these 
are derived from the background of the Layer Ib matrix, rather than purposeful additions.  
The slumping of one of the pit walls and the lack of roof material inside the pit have led 
us to believe that the pit was left open for a time.  When sedimentation occurred, it 
happened in a way that preserved the integrity of the human remains.  Excavators saw no
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Figure 6.40 – Cremation pit 338.  A) The cremation pit from above, partway through excavation.  Some of 
the cremated individual is still seen at the base of the feature.  The scale is 10 cm.  The dotted white line 
shows the extent of the calcareous pit wall.  The red box is the location of Sample BN13-23.  Photograph 
by F. Bocquentin.  B) Scan of BN13-23, showing the section of the cremation pit along with the exterior 
matrix.  A shell (sh), charcoal (cc), and burnt clay (hcl) fragments are all visible.  The scale is 1 cm.  The 
red box is the location of the following micrograph.  C) We expected the pit wall to be made from heated 
clay.  Instead, analysis reveals that it is made of a quartz sand-rich calcareous substrate.  A variation in 
calcium carbonate content density is marked.  D) A close-up of the boundary between the two regions, in 
XPL to highlight the calcium carbonate.  Note that the density of quartz (and other mineral) sand and silt 
remains the same, whereas the micrite content differs dramatically.  Slight Fe-Mn staining (arrows) is also 
found on the micrite.  The likely explanation is that the two densities relate to a decalcification of the 
feature, instead of multiple recipes for the construction material.  The decalcification likely occurred during 
a wet period, which may have also resulted in the deposition of Fe-Mn. 
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evidence for crusts or bedding within the pit itself.  Examination of the sediment 
demonstrates that significant recrystallization of calcite has occurred within the ash-rich 
fill, but that redistribution of ash has not.  This recrystallization of ashes suggests that the 
sediment was wetted (via groundwater or puddling on the surface) after the infill became 
relatively stable. 
The second interesting feature is a disorganized patch of yellow material called 
Locus 350, resting at the very top of the Layer Ib deposit (it is situated immediately 
below Layer I features).  Under the microscope (BN12-14), this material was nearly 
identical to the other ‘plaster-like’ samples.  Like BN13-23, there is an area of decalcified 
material at the top of the feature, though these two contexts are many meters apart from 
each other and at different elevations.  The material underlying Locus 350 is similar to 
other samples from Layer Ib, though it is relatively low in microartifacts.  The 
microstructure is subangular blocky with vughs, vesicles, and moderately 
accommodating planar voids. 
 
Summary of Layer Ib 
Layer Ib is a heterogeneous material derived from a mixture of the base material 
of Layer Ic and degraded brick/adobe, features, and surfaces.  It is nearly identical to the 
anthropogenic colluvium found in Trenches 5, 6, and 7, and to the colluvium of Sector F.  
The hypothesized connection may be tested through future radiocarbon dating.  Layer Ib 
demonstrates an abandoned building left to the elements, but returned to on occasion for 
specific uses (ceremonial usage is the best preserved, though mundane usage is also 
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possible and just not as well evidenced).  The development of small patches of crusts, 
calcareous horizons, and Fe-Mn impregnation and staining indicate periods of wetting 
and drying.  Decalcification may have occurred later, with an influx of organic rich 
material overlaying the layer.  Root casts along with earthworm and mite waste suggest a 
site overgrown with plants.  The heterogeneity of the coarse fraction and the degree and 
nature of the cementation, suggest that despite being generally abandoned by humans, the 
deposit was periodically disrupted, reworked, and destroyed.  
 
Layer I (Upper and Lower) 
 People reoccupied Sector E area after the semi-abandonment of Layer Ib and built 
a new structure on the ruins of the former Structure 354 (Figure 6.41).  As demonstrated 
through the micromorphological samples above, several walls of Structure 354 were 
extant during this period (even though many centuries had passed), and these walls were 
used as guides for the new building, called Structure 306 (see Figure 4.16).  A separate 
structure and platform (Structure 205) was built to the east of Structure 306 at the same 
time.  Excavation has revealed that there were actually two phases of Layer I.  Structure 
306 was constructed during the lower phase.  Architectural elements (e.g., small dividing 
walls) were added, subdividing the structure.  During the upper phase, more walls may 
have been added, but these remains have been so heavily damaged that they cannot be 
reconstructed.  The two phases could rarely be differentiated in the field.  The following 
samples illuminate both the usage and abandonment of the Layer I occupation. 
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 When people decided to build above the ruins of Structure 354, they did so with 
the ancient walls as guides, and the new architecture was in near perfect alignment with 
the older ruins.  In spite of being a sizable structure, the surfaces and floors were not built 
on top of significant preparation areas.  Plaster floor 334 (samples BN12-3049.4 and -
3049.5), which was a red and white plaster surface, was constructed of a mixture of 
relatively pure calcium carbonate with small amounts of quartz sand and silt and 
calcareous gravel.  The plaster was placed directly upon a dirt surface, without a gravel or 
pebble base, and with no indication of underlying preparation.  The surface is also 
relatively thin (only 1 – 2 cm thick), markedly different than other plaster surfaces found 
at the site.  The large shell and pebble Floor 306 was similarly thin.  This surface (Sample 
BN14-11) was placed immediately upon an anthropogenic and biogenic deposit, rich in 
fragments of charcoal, chert, coprolites, and burnt clay.  There are also several clay grains 
with concentric inner fabric (see Figure 6.42) below the surface, where clay particles 
washed through the surface into extant channels. 
 To the immediate east of the structure excavators uncovered a patch of material 
with numerous horizontal artifacts, which was hypothesized to be a courtyard surface 
(Locus 320). Micromorphology (samples BN11-10A/B/C) shows an abundance of 
phytoliths, ash clumps, bone fragments (including rare fish bones) along with other 
microartifacts.  Many rounded grains have clay coatings or fragments of crusts attached 
to them, which may be indicative of sweeping (e.g., Matthews 2010).  A fibrous apatite 
crystal grain is found, which may have formed as a phosphate-rich liquid saturated the 
area, possibly associated with the presence of animals (e.g., Macphail et al. 2004).  
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Though signs of trampling have not survived well, there are enough microscopic 
indications to confirm the macroscale observations (Figure 6.42).  In spite of the number 
of coprolites and phytoliths, however, these are not found in high enough concentrations 
to lead to a conclusion about usage.   
Further east is Locus 324/328, an amorphous surface of gravel, shells, and 
pebbles.  In thin section (sample block BN12-07), this layer is like Floor 306 – loosely 
packed grains of minerals, shells, and micro artifacts, including a large number of bones 
and burnt clay fragments with chaff voids.  Some of the fragments exhibit trampling 
breaks, and there are long thin well-accommodating planar voids.  Like Floor 306, the 
cementation appears to be post-depositional, rather than through the inclusion of ashes or 
plaster at the time of construction.  Another dirt construction was discovered several m to 
the east, in association with short stonewalls interpreted as a secondary structure.  The 
dirt construction (Sample BN10-02) contains a large block of (the now familiar) sand and 
silt rich calcium carbonate material.  Many of the voids have dusty clay coatings.  
Exterior to this material is pale brown clay, with a coarse fraction of charcoal, bones, 
burnt clay, and weathered minerals irregularly distributed throughout the micromass.  
Micrite and micro-sparite are also irregularly mixed through the matrix. 
Samples BN10-01A/B, BN10-03, BN10-20D (and the base of BN10-20C), BN11-
08, and BN11-09 surround the central and western portion of Structure 306.  The 
elevation of these samples ranges from ~71.32 to 71.39 m asl.  These samples have an 
overarching similarity, despite their small-scale heterogeneity.  The fine aggregates are 
mixed throughout the fine fraction.  The b-fabric is calcitic-crystallic to undifferentiated.  
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Figure 6.42 – Surfaces of Layer I.  A) A section of shell and pebble floor 306, in the laboratory during 
processing (sample BN14-11).  The scale is 2 cm.  The ephemeral nature of the surface is clear in this 
image – there is no preparation layer supporting the surface.  The red box shows the location of image B.  
B) A limestone pebble at the base of surface 306 with a thin calcitic coating (red arrow).  The groundmass 
contains micro-artifacts, including chert debitage (ch), charcoal (cc), and a coprolite fragment (cop). A 
concentric clay nodule (n) is present.  C) Locus 320 was described by excavators as a horizontal expanse 
with artifacts lying flat (seen in the photograph), hypothesized to be a surface.  Scale is 20 cm.  Box is 
location of BN11-10A/B/C.  Photograph by F. Bocquentin.  D) A rounded clump of recrystallized ashes 
with a coating of the surrounding matrix (arrow) from BN11-10A.  The clump may be the result of 
sweeping of the surface.  E) Fibrous apatite crystals (with a Fe-rich coating), which may be the result of 
kept animals in the courtyard.	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The fine fraction is organized into irregular blocky peds with vughy and channel porosity. 
The coarse fraction contains many nodules of reworked soil, fragments of burnt clay, 
ashes, charcoal, construction materials (brick/adobe and plaster), and debitage (chert and 
basalt).  Biogenic materials (e.g., bones, shells, coprolites, and phytoliths) are common.  
These elements are randomly distributed and irregularly weathered. Cementation and 
decalcification are both prominent post-depositional features (Figure 6.43 and Figure 
6.44).  The calcitic impregnative features (e.g., hypocoatings and coatings) are well 
developed, and the fine fraction as a whole is well cemented.  There are regions of 
decalcification, particularly around voids or fragments of coprolites or organic matter.  
The high variability between these two extremes, and the presence of sand-sized 
calcareous aggregates gives a ‘mottled’ appearance to the deposit. 
Slightly above the elevation of these samples (~ 71.34 to 71.49 m asl), the fine 
fraction in Layer I displays an increase in red-brown clay.  The boundary between these 
regions is typically gradual and diffuse.  Samples BN12-03, BN14-05, and the tops of 
BN11-08 and BN10-20C capture this portion of the deposit.  The coarse fractions of 
these samples have a higher proportion of biogenic material, both ancient and more 
modern (including signs of more recent root activity).  Calcite impregnative features are 
thick, but are less ubiquitous than in the lower part of the deposit.
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Figure 6.43 – Post–depositional features of Layer I.  A) Calcite precipitating from surface water leaves a 
white crust that is visible in the field (dashed line).  Scale is 10 cm.  This is reminiscent of Burckhardt 
(1822), section 3.5.1. B) Roots (arrow) and hypocoatings in BN14-05.  C) The strong, yet inconsistent, 
calcite impregnation in Layer I, exhibited in BN10-20C in PPL.  D) The same image in XPL demonstrates 
the “mottled” texture.  Rounded aggregates of micrite and micro-sparite (arrow) are spread throughout a 
groundmass that is ubiquitously overprinted with calcium carbonate (except for areas of decalcification).  
E) Some of these calcite features are more recent, such as this recrystallized infilling in BN10-20C, in PPL.  
The groundmass is well impregnated with calcite, though there are regions with considerably less 
impregnation.  Organic material and Fe-Mn staining are present (arrow), and micro-artifacts such as bone 
(b) can be seen.  F) The same image in XPL reveals that calcite, in the form of micro-sparite, is ubiquitous, 
even in the regions of low impregnation.  The Fe-Mn stains overprint this region (arrows).	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Figure 6.44 – Features related to the movement of water in other layers A) Cemented bone in 
BN12-16A (top of Ib), in PPL.  The displacive calcite crystals are fracturing the bone into smaller 
pieces. B) A calcite pendant on a bone in T7-B02, in XPL.  Inside the bone the calcite crystals are 
relatively pure, whereas the pendant includes cemented groundmass.  C) An orthic Fe-Mn nodule 
(blue arrow) in T6-B04 is currently growing within a ped.  Note the Fe coatings around the voids 
of the ped (red arrows).  D) Not all features are impregnative.  The sharp points and rough sides 
of these calcite crystals in BN14-3426.8 indicate that the calcite is undergoing decalcification. 	  
Summary of Layer I (Upper and Lower) 
Layer I marked a permanent (or seasonal, see Section 4.5.3) return of which 
peoples to the Pond 11 site, and the reuse of the foundations and walls of the earlier 
Layer Ic occupation.   New floors and surfaces were made, typically of ephemeral 
construction without much base preparation.  A second period of construction added 
small walls and other features that have not survived.  The timing between the two 
architectural phases is unknown.  The occupation was eventually abandoned and covered 
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by reddish-brown silty clay.  The Layer I deposits (both the higher and lower portions) 
are derived from the same material – archaeological colluvium and degraded construction 
material.  In this way, Layer I is very similar to the underlying Layer Ib.  Like with Layer 
Ib, there are no signs of crusts or graded bedding to suggest flooding from the lake.  It is 
important to note the ephemeral construction of the surfaces, because they managed to 
survive being abandoned and covered.  The implication is that the abandonment and 
accumulation was gentle, and probably occurred over an extended period of time.  
Alternatively, light roofs may have collapsed quickly, protecting the surfaces, after which 
low energy accumulation of collapse and reddish-brown slope clays occurred.  The heavy 
cementation likely helped the preservation of these surfaces, implying seasons of stability 
after the original covering of the occupation.  Fe-Mn staining and increases in clay 
content occurred later, percolating from the later overlaying deposits (see below).  
 
Upper Layers (0a, 0*, and 0) 
 The Pond 11 locale was once again reoccupied sometime after the post-Layer I 
abandonment (Figure 6.45).  This layer is called 0a, and is the least well understood, as it 
is the most heavily damaged by the modern fishpond construction.  Only the southern and 
western portion of the occupation survived the building of the fishponds, but they provide 
enough data to make some general observations.  The first is that a structure (Structure 
408) was built atop the site of Structure 354 (Layer Ic) and Structure 306 (Layer I).  Like 
Structure 306, it was built in alignment with the northern ancient massive E-W wall.  
Sample BN14-3472.2 (discussed above) proves that at least the western portion of the 
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centuries-old wall was visible along the surface during the 0a occupation.  In contrast to 
Structure 306, however, the S-N walls had a different orientation from the preceding 
structure, and do not appear to be built upon surviving walls (Figure 6.45 and 4.17).  
The surfaces that do survive are ephemeral 
(similar to Structure 306).  Floors and surfaces are 
typically constructed as thin lenses of material.  
Sample BN13-04 (Figure 6.46) shows a thin (~1 
cm) reddish plaster surface lying directly atop the 
0a material.  The fine fraction is reddish-yellow and 
brown silty clay with a typically undifferentiated 
and calcitic-crystallic b-fabric (though hints of strial 
b-fabrics are present). In addition to calcitic silt and 
sand, the coarse fraction is rich in anthropogenic and 
biogenic material, including foreign plaster 
fragments, bones, and burnt clay.  Post-depositional 
and textural features include few clay coatings and 
slight calcium carbonate ‘mottling’.  Trampling features were not readily apparent.  The 
matrix below the plaster may have been placed purposely as an earthen platform for the 
plaster, though this is unclear.  Samples BN13-05A/B provides another example.  This 
block comes from Locus 367, a pebble, shell, and gravel lens east of the structure, 
associated with a small patch of plaster (Loc. 370) and a gravel feature (Loc. 366).  The 
micromass is structured with a strong degree of horizontal orientation between the more 
Figure 6.46 – Thin section BN13-04 
showing the plaster (arrows) of 
Locus 368 placed directly atop the 0a 
matrix.  Large fragments of burnt 
clay (hcl), charcoal (cc), and bone (b) 
are present.  Scale is 1 cm. 
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accommodating planar voids, and a number of platy peds, which may indicate trampling.  
Typical anthropogenic and biogenic components are found in the coarse fraction, in 
addition to fragments of plaster and intact shells from the lake.  Silty yellow clay 
infillings are infrequent but present in the lower sample, and calcium carbonate mottling 
is present in both samples.   
To the far west of the structure lies another thin pebble and shell surface, Locus 
369.  Sample block BN13-03 captures the locus as well as the surrounding material.  Like 
the other surfaces, the thin layer of shells and pebbles shows no signs of having been 
purposely cemented or held in place.  There is a slight grading, with smaller grains below 
the larger ones.  These may have been the result of smaller grains falling between the 
larger pebbles.  Reddish-brown clay with an undifferentiated b-fabric is found on both 
sides of the surface.  Above the lens there are many signs of bioturbation and modern 
organic material.  Below the lens, the reddish-brown clay gradually becomes yellow-
brown and richer in calcitic silt and sand – a diffuse boundary with the underlying Layer 
I.  Cementation and calcitic features, rare in the upper portion of the sample near the lens, 
are present in the lower portion of the sample.  There is little to suggest a purposeful 
earthen preparation of the underlying material.  If the reddish-brown clay was not 
purposely laid in place, than it accrued naturally, further indicating abandonment after the 
Layer I occupation. 
Surrounding the architecture is reddish-yellow and brown clay with an 
undifferentiated b-fabric; best exemplified in samples BN14-04 and BN10-20A/B (and 
the top of BN10-20C).  The transition from the underlying Layer I sediment is gradual in 
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the top of -20C, displaying a decrease in anthropogenic material, calcium carbonate 
mottling, and infrequent silty yellow-red clay infillings.  In -20B and -20A the clayey fine 
matrix becomes increasingly fissured (Figure 6.47), with regions of platy fissures.  
Calcitic silt and sand are frequent and ubiquitous, and micrite is present but less common, 
and is randomly distributed.  Anthropogenic and biogenic materials occur in low amounts 
and often highly weathered.  Evidence of bioturbation includes several insect channels.  
Cementation and calcium carbonate mottling are inconsistently developed across the unit.  
Fe-Mn staining is common, and clay infillings and coatings are present, but few.  Sample 
BN14-04 comes from the western portion of Structure 373/408, below a shallow pit 
(Locus 360).  The coarse fraction contains more anthropogenic material, but is otherwise 
very similar to the -20B sample (Figure 6.48).   
A grey-black clay layer overlays the 0a material along the southern border of the 
sector, and was called 0*.  This layer was extremely compact and hard, and contained no 
archaeology.  Resting atop the whole sector was a mixed surface layer called 0, which 
reflected the characteristics of whichever layer had been exposed by the fishpond 
excavation.  For example, the top of BN10-20A is reddish-brown clay with a complex 
microstructure of granules and irregular blocks with a number of inclusions, both mineral 
and organic.  BN10-03, contemporary with Layer I, is situated on the surface due to the 
fishpond excavations.  In this case, the fine and coarse fractions were almost identical to 
that of Layer I, but with subtle differences.  The most important notes are that phytoliths, 
while present, are surprisingly infrequent given being a surface layer.  Roots and modern 
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Figure 6.47 – Increased clay content of Layer 0a.  A) Fissures are common, as shown here in 
BN10-20A, in PPL.  Compare with Figure 6.13.  These result from the increase of shrinking and 
swelling clays in the upper layers.  B) The same image in XPL shows the impregnation of the 
clay micromass with calcium carbonate.  Fragments of limestone (arrow) and dolomite are 
common. C) Close-up of the top of BN10-20B, showing a reddish silty-clay micromass.  
Compare against Figure 6.02.  D) The same image in XPL shows small domains of striated and 
granostriated b-fabric (arrows).  Compare against Figure 6.09.	  	  
 
organic material are present, demonstrating the recent plant remains.  The microstructure 
is irregular, with granules and blocky peds with moderately accommodating planar voids.  
The planar voids have a slight horizontal orientation, and there are some very thin 
accommodating planar voids parallel to the surface.
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Figure 6.48 – Post-depositional features of Layer 0a.  A) Sample BN14-04 in PPL.  Fe-Mn 
impregnative features are common and spread unevenly throughout the reddish-brown clayey 
groundmass (arrow).  B) The same image in XPL reveals the widespread overprinting of calcium 
carbonate on the groundmass.  Although there are a few hypocoatings around root voids (hyp), 
most of the calcium carbonate is spread throughout the groundmass.  Note the decalcified (dec) 
region to the bottom left of the image.    	  
 
Summary of the Upper Layers (0a, 0*, and 0) 
 The upper layers present a diverse picture of Sector E, though these are only still 
extant to the south and southwest of the site.  The samples and field observations reveal 
four interesting features.  First, macroscopic observations show that new architecture was 
built on the site of far more ancient structures.  Although micromorphology confirms that 
there is some reuse of the earlier walls, the majority of the surviving walls appear to be 
new, and on slightly different orientations from those of the earlier structures.  Second, 
many of the surfaces are thin and built without preparation layers, yet have survived 
relatively well.  Third, the groundmass of the upper layers is considerably richer in 
shrinking and swelling red clays than the earlier layers.  Fourth, the upper layers have 
been considerably more affected by post-depositional processes than those below, though 
these features vary across the units.  Calcite reprecipitation and impregnation is strong in 
some areas, and yet relatively lacking in others.  Some regions of decalcification are also 
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noted.  Seasonal (and perhaps occasionally more significant) wetting and drying has 
played a large role in the slow development of a vertic soil over the upper layers. 
 
6.5 – Conclusions 
 The micromorphology revealed a complex microscopic picture of a large portion 
of the Hula basin, with a fine resolution on the small Pond 11 section.  These results 
show a major expanse of micro-artifact rich silty clay loam that is relatively similar to 
that of much of the occupation, and connects Sector E, Sector F, Trench 5, 6, and 7.  The 
samples also provide insight into the environment onto which the site was originally 
placed.  At the same time, the latest occupation at the site shows a slightly different 
matrix, one mixed with more clay, though not to the degree of Trench 4.  Within the site, 
the samples confirmed the hypothesis that the layers are cumulative – they are derived 
from earlier layers and archaeology.  The reworking of the deposits and reuse of the 
architecture provides clues to the way the site was occupied and inhabited over the course 
of its use.  These issues will be discussed in the following chapter.  
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Chapter 7:  Discussion 
 
7.1 – Introduction 
The micromorphological data in the previous chapter presented extensive 
evidence for the deposition and development of anthropogenic sediment at and around 
the Beisamoun Pond 11 site.  These data are therefore well suited to answer the questions 
and issues that I raised above regarding the relationships between the different phases of 
Pond 11, the relationship between Pond 11 and the wider site, and what has happened to 
the site since its final abandonment.  To that end, I draw five main conclusions from my 
observations of the micromorphological dataset, which I will discuss below.  These 
conclusions are germane to four main discussion points that will answer the 
aforementioned questions and expand the current reconstruction of Beisamoun Pond 11.  
These discussion points are:  
1) A reconstruction of the original (pre-E: Layer Ic/ F: B/C) Pond 11 landscape. 
2) The pattern of building, abandonment, and reuse at Beisamoun Pond 11. 
3) The size and extent of the early phase of occupation at Beisamoun Pond 11. 
 4) The post-depositional processes that have affected the Pond 11 site. 
 
I begin with a brief summary of the main conclusions derived from the 
micromorphology.  I then interpret these conclusions in my discussion of the four main 
points laid out above.  These interpretations will be combined with results from the other 
published preliminary results (see Bocquentin, Khalaily et al. 2014 and citations within) 
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to hypothesize a reconstruction of sociocultural continuity and change over the course of 
the occupation of the Pond 11 site.  I will conclude with a brief discussion on the 
implications of Beisamoun Pond 11 for the wider Neolithic of the Levant. 
 
7.2 – Major conclusions from the micromorphology 
 
7.2.1 – Identifying the earliest exposed layer at Pond 11 
 The lack of radiocarbon dates adds a frustrating crinkle to the interpretation of 
Beisamoun Pond 11 chronology.  The poor expression and preservation of clear strata in 
Sector F, and the shifts in elevation between the sectors and the trenches make it very 
difficult to build useful associations between layers that will help solve this confusing 
situation.  The micromorphological data are very useful in this regard.  The deepest 
samples from any context are T6-B01, -B02, B03, and –B10c, from Unit Tr. 6: 1.  In thin 
section, these samples reveal a gray-pale brown clay paleosol originally developed from 
wetland sediment.  Situated directly above this layer was a plaster surface, signifying that 
a PPNB or PPNC Neolithic occupation (currently undated) was built upon this paleosol.   
The excavations of Pond 11 have not yet been completed, and as such, the basal 
layer has not yet been found.  Trenches 1, 2, and 3, however, suggests a black, compact 
clayey basal layer, (Tr. 1 and 2:D, and Tr. 3:E – Figure 4.08).  In Trenches 1 and 2, this 
black, sterile layer is covered by brownish sediment/soil with clay and pebble inclusions 
and Neolithic (PPNB or PPNC) artifacts (Tr. 1 and 2:C).  These layers were observed in 
the western samples of Sector F (BN14-5236.5A, -5B, and -5C).  Macro-scale and micro-
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scale observations of these units reveal that the bottom of the Sector F section (-5C) was 
a paleosol, and bear close similarity to the samples from Unit Tr. 6: 1 (Figure 6.27).  
Above the paleosol was calcareous-rich clay with a tight columnar structure (-5B and -
5A), which appears to have slightly truncated the underling layer.  If this Sector F unit is 
equivalent to Tr. 1 and Tr. 2:C, then the lack of columnar structure in the latter is likely 
the result of human activities (e.g., digging or trampling) reworking the soil.   
These connections will need to be tested with future excavation and coring.  If 
true, the implication is that Unit Tr. 6: 1, Tr. 1/2: D, and the base of Sector F (-5C) are 
equivalent, and therefore all represent a paleosol derived from lake and marsh sediments.  
To the east (Trench 6), this material was used as a base for a Neolithic-era (PPNB or 
PPNC) surface.  Trench 1 and 2 are covered with a layer containing Neolithic 
archaeology and, in Trench 2, indications of architecture.  To the west, in Sector F, this 
lower layer contains burial 276.  It is worth noting that the sediments surrounding PPNB 
Structure 150 are described as homogenous clayey peats (Lechevallier 1978:135) and that 
the PPNB artifacts of Beisamoun West (Layer IIIC) were buried in loose, dark grey clay 
(Khalaily et al. 2015).  Though this last piece of evidence is circumstantial, it helps 
support the conclusion that the earliest uncovered inhabitation (thus far) of Beisamoun 
Pond 11 occurred upon the same paleosol that supported the PPNB communities of 
greater Beisamoun. 
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7.2.2 – The use of local materials for construction 
It is not known why the early inhabitants of Pond 11 chose that particular 
location; whatever the reason, the people of greater Beisamoun availed themselves of the 
numerous resources found within the Hula.  In addition to local flora and fauna, these 
resources included the local geology, such as limestone, chalk, chert and basalt (see 
Figure 3.02).  One such local resource was calcium carbonate rich lake and wetland 
sediment.  These sediments are still found in abundance in the area around the extinct 
lake, as shown in control sample BN10-19.  As detailed previously (Section 6.4.2), this 
material formed the base ingredient of the main manufactured construction material 
found in Pond 11.  The wet sediment was mixed with ashes, dung, and plant temper.  
These added materials also included charcoal and calcite spherulites, accidental 
inclusions from the burning features that donated the ashes.  The charcoal was typically 
very small (≤ 2 mm), and frequently long and thin.  The implication is that the method 
the Pond 11 people used to select and collect ashes resulted in a uniformity of burnt 
inclusions.  It is possible that reed baskets or sieves were used to sift the adobe 
ingredients.  The local background sediment would also contain inclusions that were 
often archaeological in origin, such as chert flakes and burnt clay, for example.  In some 
cases, the inclusions were geogenic or biogenic: limestone and basalt grains, shells, 
bones, and peat – further evidence for the local origin of the base sediment.  The adobe 
mixture was sundried.  Heated fragments are rare, implying that it baking was not a 
typical part of the adobe chaîne opératoire (Figure 7.01). 
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                     Figure 7.01 – Generalized recipe for making adobe at Beisamoun Pond 11	  
 
The many samples of construction material all share common elements (i.e., 
sediment, dung, ash and charcoal, and organic temper), though the frequencies of these 
elements and the presence of other inclusions appear to vary across the samples.  For 
examples, clumps of ashes are very common in BN14-3316.1, but are mostly found as 
isolated crystals in BN12-08.  There are three explanations for this variability.  First, 
these adobe materials are not contemporary; many of these samples are found in the Ib 
accumulation, and may therefore represent many different building events.  The changes 
in recipe are the result of natural variation over time.  
The second explanation is that the production of adobe was not a large-scale 
industry following a precise recipe for construction (as evidenced from later periods, for 
example, see Homsher 2012).  Rather the adobe was produced as needed, following only 
a general recipe making use of local ingredients.  This scale of operation is more in 
keeping with examples from other Neolithic sites.  Çatalhöyük provides the best 
Neolithic comparisons, because good preservation and ‘ancestral house’ building have 
resulted in the survival of a great deal of brick.  In a study of eighteen neighboring, 
contemporary houses, Love (2012) found wide variations in brick recipes.  Despite using 
the same base ingredient (the local calcareous alluvium and marls), each household used 
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a different mixture of organic and mineral inclusions.  The recipes varied more between 
the houses than they did between subsequent phases of the same house, suggesting that 
the brickmaker/-s for each household unit followed an individualized recipe.    
The third explanation is that recipes differed across the site.  These variations 
could be based on personal preference and tradition of the adobe maker, like described at 
Çatalhöyük (Love 2012).  Alternatively, there may have been social norms that dictated 
recipe variations based upon the function or symbolism of a certain space (Goldberg 
1979, 2004; Rosen 1986). 
A combination of the three explanations is likely correct.  Unfortunately, it is 
currently impossible to differentiate whether there is consistency of recipes and 
production of construction materials by archaeological layer, as there are too few samples 
overall, and these are particularly lacking from the later phases.  The low amount of 
construction materials found in the upper layers may relate to preservation issues, though 
it may also be explained as a difference in construction methods after the Layer I phase.  
Furthermore, the degree of degradation of the remaining construction material makes it 
difficult to properly characterize these variations.   
 
7.2.3 – The degradation of adobe and Structure 354 
 These locally made construction materials were typically sundried, and thus were 
more susceptible to degradation than their fired counterparts.  Brick and adobe are widely 
used in Near Eastern sites from the Neolithic onwards (for a review of the development 
of adobe and brick in the Levant and Anatolia, see Love 2013).  The products of brick 
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and adobe degradation are so ubiquitous that many Near Eastern archaeologists assume 
that site sediments are brick-derived (‘mud-brick material’) without ever testing this 
hypothesis.  The field identification of this ‘mud-brick material’ therefore lacks precision 
and standardization, limiting our ability to more fully understand the construction and 
erosion of a site (Friesem et al. 2011).   
Detailed studies of adobe and brick degradation are rare, despite their value to 
archaeological interpretation (Friesem et al. 2011).  Adobe and brick degrade through 
interactions with the surrounding environment.  There are several agents of degradation 
that act simultaneously on adobe and brick.  A primary agent is water, in the form of 
falling and pooling rain and rising damp from the water table. Although energetic falling 
rain and wind physically weathers adobe, it is the absorption of water that does the most 
damage.  Wet adobe will begin to swell and exfoliate, leading to flaking.  Shrinking and 
cracking occurs as the walls evaporate and dry, making adobe more susceptible to future 
swelling.  Capillary action from rising groundwater introduces soluble salts into the 
earthen material, which further encourages shrinking, swelling, and exfoliation.  This 
exfoliation is particularly detrimental to the bases of walls, as it encourages undercutting, 
which destabilizes the wall, so that gravity may cause slumping. The use of stone 
foundations, or socle, helps limit undercutting by raising the major portion of the adobe 
away from rising moisture.  Biological activity is another major agent of degradation.  
Plant roots, small animal, and insect burrow into walls, creating instabilities that 
encourage collapse (Carter and Pagliero 1966; Friesem et al. 2011; Goldberg and 
Macphail 2006; Goodman-Elgar 2008; McIntosh 1974; Rosen 1986). 
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 Flakes from roofed walls accumulate on the ground outside the wall.  Gravity 
forces undercut walls to slump; if the undercutting occurred rapidly enough, the wall can 
fall en masse.  It has been noted that roofed walls collapse to the exterior of a structure, 
following the direction of the undercutting (McIntosh 1974).  Unroofed walls may fall 
both to the exterior and to the interior (Goodman-Elgar 2008).  These sediments may 
create slopes at the base of walls and become sorted, with finer particles moving further 
than larger particles.  These fragments of wall may also slake with puddling and pooling 
of rainwater and move laterally across the open surface.  These sediments quickly blend 
in with the surrounding sediments, making them very difficult to distinguish in the field 
(Friesem et al. 2011).   
Through a combination of micromorphology and field observations, I am able to 
partially reconstruct the degradation of the Layer Ic walls at Beisamoun Pond 11 (Figure 
7.02).  Adobe inherently degrades, and would therefore require frequent maintenance 
during periods of occupation.  Macroscopic signs of collapse and wide-scale degradation 
are rare in the lower elevations of Layer Ic, even at elevations that may be temporary 
surfaces (e.g., BN12-16D and BN12-20 at ~70.91 m asl, and BN12-16B at ~71.00 m asl).  
Fragments of adobe are found in the field in this layer (e.g., BN14-28), but for the most 
part, evidence for construction material is microscopic (e.g., BN12-16B) (see Figures 
6.30).  Whatever the main mechanism for adobe erosion was at the time (the 
environment, or human demolition), any large accumulating debris was either cleaned out 
or completely blended into the surrounding matrix.  Sand and silt sized grains of 
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charcoal, dung, surviving adobe, and ash pockets within the Layer Ic matrix suggests the 
latter option. 
The major signs of collapse occur at the boundary of Layer Ic and Ib.  Large 
patches of adobe (e.g., BN13-12, BN14-10, BN14-18, BN14-3472.2, BN14-3426) are 
found at similar elevation (between ~71.10 – 71.30 m asl) across the sector (see Figures 
6.33 and 6.35).  The fact that these patches of adobe are comparatively large and level 
suggest that they collapsed quickly.  The fact that they collapsed into the interior of the 
structure might indicate that either these materials were part of the roof itself, or the roof 
had already collapsed at this time.  Alternatively, it is possible that the upper courses of 
wall were purposely demolished in a quick event or series of events.  The adobe walls 
continued to degrade over time.  These fragments broke apart by water erosion and 
bioturbation (as noted by the laboratory examples for example, SC-01 and -01A).  Root 
growth and animal burrowing, and periodic human activity (see Sections 4.5.3 and 7.3.2) 
destroyed the already fragile evidence for bedding, sorting, and crusts that would have 
formed from pooling water (see Figure 6.39).  The accumulation mixed with 
archaeological and biogenic refuse and become homogenized into thick sediment (Butzer 
1982; Friesem, et al. 2011; Rosen 1986).  The result of the degradation was a thick 
deposit of yellow silty-clay loam that was rich in carbonate and anthropogenic materials.  
Silt and sand sized fragments of dung, calcite spherulites, ash, and charcoal blended into 
the substrate along with sand-sized grains of surviving adobe (see Figure 6.33). 
Through water action, bioturbation, and human activities, the degraded adobe 
became the dominant background sediment at Pond 11.  This degraded adobe sediment is 
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present from Sector E:Ic through I, and is paralleled in Sector F:C and B (see Figures 
6.26).  Future excavation below these layers will help discern the original matrix into 
which the adobe degraded. 
As noted previously, this same sediment is also found in the exterior trenches 
(Units Tr. 5: 1 and Tr.5: 2, Unit Tr. 7: 3, and Unit Tr. 6: 3; see Figures 6.11, 6.14, and 
6.18).  This observation supports the conclusion that the occupational phases that are 
found in Pond 11 are also found in the trenches surrounding Pond 11.  This region covers 
a line ~175x100 m (see Figure 4.07 and 6.07), though it is not known whether the unit is 
continuous across this area.  In either case, it is logical to conclude that the occupation of 
Layer Ic, or an occupation contemporary to the semi-abandonment of Ib, spread across 
this area.  There are too many unknown variables (e.g., size of the structures, height of 
the constructed walls, frequency of maintenance, etc.) to produce an accurate 
reconstruction of the extent of the site, but it is reasonable to conclude that the Pond 11 
locale was densely inhabited during this period.  It is also reasonable to conclude that 
these occupations would have gone through numerous phases of building and rebuilding 
(as demonstrated in Sector E: Ic) to have created such a thick deposit of degraded 
construction material.  This conclusion is expanded upon in Section 7.3.3.
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Figure 7.02 – A possible scenario for order of degradation and accumulation of the main 
structure.  The view is an imaged section along W. 301/373, looking west (see Figure 4.14 and 
6.35).  This reconstruction is not to scale.	  	  The final of several occupations (1, 2, and 3) during 
the Layer Ic phase was stable enough for calcium carbonate features to develop (4).  The structure 
collapsed, leaving piles of adobe on the Layer Ic surface (5).   More adobe slowly collapsed (6) 
and degraded into a silty clay loam matrix (7).  Bioturbation and water activity homogenized the 
accumulation and inconsistently cemented the accumulation. 	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7.2.4 – The preservation of Sector E: Layer Ic architecture  
The identification of construction materials and degraded construction materials 
through micromorphology has made it possible to test the hypothesis that walls from the 
earlier phases of Sector E partially survived into the later phases.  The clearest example 
of this is Wall 301/373 (sample BN13-13, see Figure 6.35), which is interpreted as 
several iterations of a Layer Ic wall.  The earliest material on the lower 301 foundation 
had been degraded, rebuilt with more construction material, and potentially degraded 
again, all before being used as the base for another stone foundation.  At least a portion of 
these Layer Ic walls remained upright as other patches collapsed into then abandoned 
building (e.g., samples BN13-12, BN14-10, and BN14-08).  The material was subject to 
reorganization, bioturbation, rising damp, and possible nearby pooling, as revealed 
through the changing porosities and post-depositional features.   
Archaeological remains reveal that several of these Layer Ic walls were still 
preserved to significant height some centuries later (~20-30 cm for W. 318, ~20-30 cm 
for W.315/373, and unknown height for W.301/373), as Layer I structures were built 
along the same lines and orientations, using the former walls as guides (Figure 7.03).  
The survival of so many walls through the Layer Ib semi-abandonment and into Layer I 
suggests that the Sector E locale was relatively stable after the initial collapses of the 
Layer Ib/Ic boundary.  
 Though it is not known when these walls were finally eroded and disappeared 
below surface level, the confirmation of Locus 389 as adobe (sample BN14-3472.2) 
means that at least a small portion survived to the time of the Layer 0a occupation (see 
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Figures 4.15 and 4.16).  The shape of the Wall 362 stones above Locus 389 suggests that 
only a short and eroded stub of the earlier massive wall still remained visible along the 
surface during this final occupational phase (see Figure 6.36). 
Figure 7.03 – Preservation of Layer Ic walls.  Micromorphological analysis has confirmed the 
hypothesis that the Layer Ic walls had survived in later phases.  In the above photograph (from 
the 2012 season), two phases of Layer I walls (white) are built atop a Layer Ic interior wall (blue).  
At the top right corner is a Layer 0a wall (black) with a different orientation.  The scale is 1 m.   
Also shown are the locations of the massive Layer Ic W.373, plaster surface 334, and the location 
of the profile drawn in Figure 4.18 (from the 2014 season).  Photograph by F. Bocquentin.	  	  
 
7.2.5 – Signs of water, roots, and pests 
 The micromorphological samples contain numerous examples of post-
depositional features and indications of erosion.  These lead to the conclusion that water 
movement and bioturbation are the two dominant factors that have affected the formation 
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and preservation of the archaeological remains at Beisamoun Pond 11.  These processes 
have affected the different strata of Pond 11 to varying degrees.  I summarize the 
indicators of the major site-formation processes below; trends in these across strata are 
discussed later in the chapter (see Section 7.3.4).  
 
Water  
A dominant agent of site-formation processes at Pond 11 is water, in the form of 
rain runoff and groundwater.  Pond 11 is located on a lake-derived paleosol, and was 
located very near the edge of the ancient Hula marshlands – it is therefore no surprise that 
water should be the chief agent.  Unexpectedly, there is no clear evidence to suggest that 
the site was ever inundated by lake or marsh water.  No gleying or bands of weathered 
rounded carbonate aggregates were found to suggest waterlogging or wave action at the 
site (in contrast to ‘Ubeidiya and Ohalo II, described in Section 5.2.2).  It is possible that 
a site-wide inundation occurred, and the resulting sediment or soil was completely 
truncated by more recent activities.  I consider this highly improbably, at least for any 
point prior to Layer 0a; the survival of Layer Ic walls seems unlikely in this scenario. 
Even though submersion did not occur, water was still a primary agent for post-
depositional development.  The micromorphological samples demonstrate that the water 
action was low energy (for examples, see Figures 6.19, 6.43, and 6.44). Surface water 
from rain runoff pooled and producing vesicles in sediments that were once near the 
surface (e.g., BN13-09, BN13-12, and BN13-13) (Figure 6.21).  Though several crusts 
were formed through the resorting of sediments by water (e.g., BN10-08, BN12-16C, and 
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-16D), these are rare, even accounting for their fragility (e.g., crust samples SC-01A, SC-
02) (Figure 6.25).   
Evidence for the influence of low energy water on Pond 11 matches the proxy 
data of the Hula environmental and ecology (summarized in Table 3.2).  The Hula was 
experiencing periods of heavy rainfall on top of typical Mediterranean seasonality (Bar-
Matthews 1999; Gvirtzman and Weider 2001).  The heavy rains and subsequent drying 
seasons promoted the development of impregnative soil features, such as calcitic 
hypocoatings and Fe-Mn nodules.  The cycle of wetting and drying would also encourage 
the expansion of the marshes – the presence peat in some samples (e.g., Unit Tr.7: 3, 
Figure 6.14), a bloom in eutrophic and coprophilous NPPS during Layer Ib (Emery-
Barbier in Bocquentin, Khalaily et al. 2014), and the presence of algae and semi-aquatic 
plant phytoliths in the thin sections indicate a marsh expansion during the semi-
abandonment period.  Vertic soil development is another result of the wetting and drying 
cycle.  During the wet season, clays would expand. Upon drying, they would shrink, 
developing cracks and mechanically reorganizing the sediment.  The shrinking and 
swelling is responsible for the very developed columnar structure in the western section 
of Sector F (BN14-5236.5A), and are also responsible for the blocky and fissured Sector 
E: Layer 0a (BN10-20A/B).   
The seepage of water from the surface into the underlying sediment and the lateral 
movement of the mineral-saturated water table have also left a strong marker at Pond 11 
and its surroundings.  The most common is the transportation, precipitation, dissolution, 
and reprecipitation of calcium carbonate, which has so intensely overprinted some strata 
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that it is commonly difficult observe much else.  Calcium carbonate is found in the 
sediments of the western Hula, and detrital grains of the Naftali were common in the 
downslope sediments.  Though calcium carbonate is not readily soluble in water, it will 
dissolve in acidic conditions.  Localized acidic conditions may have been achieved by 
CO2 entering the soil through roots and decaying organic matter (e.g., Kuzyakov et al. 
2006), by a period of waterlogging (van Den Berg 2000), or the presence of acidic peats 
and organic soils (Litaor et al. 2011/2012).  The saturated water would spread laterally 
and precipitate in the underlying sediment – the archaeological layers of Pond 11 and its 
surroundings (see Figure 6.43 and 6.44).  Capillary action would draw the water up 
towards the surface, creating zones of high impregnation near the surface, increasing the 
pH, and creating thin cemented crusts (Rosen 1986).  The crust at the top of Unit Tr.7: 3 
and Sector E: Layer I (in BN10-20C) may be examples.  The micromorphological 
expression of the carbonate precipitate (e.g., hypocoatings, coatings) would depend on 
the environment and stability of where it was forming.  The process repeats in subsequent 
wetting and drying cycles with other sources of calcium carbonate, such as ashes (which 
are well-represented in the Beisamoun sediments).  Over the course of years and decades 
thicker deposits develop (Kuzyakov et al. 2006), so the thickness of the deposits in some 
layers should be indicative of a long period of relative stability.  In very well developed 
zones the calcium carbonate can completely overprint the rest of the sediment to such a 
degree that traces of the original sediment and stratification might be masked.  Thick 
coatings may also make it difficult to identify and recognize artifacts in the field, and 
may cause fragile artifacts (e.g., bones) to fracture (see Figure 6.44). 
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Bioturbation 
 Another major site formation process is bioturbation.  This process has a large 
effect on archaeology by moving, fracturing, and reorienting artifacts and archaeological 
features.  Bioturbation is an expected part of any site, in particular one that has been 
abandoned for as long as Beisamoun, but it is important to know when bioturbation has 
had a significant effect on the archaeological record, as it will have affected preservation 
and contextual relationships that influence interpretation.  Macro-scale traces of 
bioturbation are easy for excavators to see.  Plants and plant-roots, rodent burrows, and 
earthworms are common, and have been common throughout the entire existence of the 
site (Figure 6.19).  Excavators cannot, however, determine microscopic signs of 
disturbance in otherwise homogenous sediment.  Fortunately, there are 
micromorphological signs of bioturbation in the Pond 11 samples that help determine 
which areas have better preserved contexts. 
 The most common agents of bioturbation are surface plants and their roots (see 
Figure 6.19).  Some of these are modern (e.g., BN12-05A; BN14-05, T7-B07A).  Surface 
plants regrow over the area of the site every year between projects – these roots rework 
the upper layers (further damaging Layer 0a).  Other roots are ancient, and are noted by 
the channel voids, calcitic hypocoatings, and occasional Fe-Mn stains that they leave 
(e.g., BN12-05C, BN12-08, BN12-16A, 14-28)(see profile in Figure 4.18).  Root hairs 
penetrated more deeply, leaving small round voids that are occasionally calcified (e.g., 
BN13-12A).  Small rodents, large insects, and earthworms have left large passage 
features.  The former were avoided when sampling, and are thus not represented in the 
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dataset, but are particularly noted in the central area of Sector F (see section profile in 
6.19). The latter two can be found in the laboratory (e.g., BN10-20B and BN12-16D).  
Current earthworm activity is obviously noticed in the field, but past earthworm activity 
is also found in the dataset, often in the form of calcareous earthworm granules (e.g., 
BN14-07 and BN14-3316).   
 Bioturbation has two obvious impacts on the archaeology of Pond 11 (the 
implication are discussed in 7.3.4).  First, these activities rework the soils and sediments, 
homogenizing the material within a unit or horizon and blurring the boundary at contacts.  
These activities can destroy the original stratification at a site (e.g., Atkinson 1957; Canti 
2003).  Second, bioturbation can fragment and transport archaeological materials out of 
primary context, complicating interpretations of archaeological assemblage (Table 7.1). 
 
7.3 – Interpreting the micromorphology from Beisamoun Pond 11 
 The above five observations provide details relating to the entire life of the Pond 
11 locale, covering the selection of the site, the construction of the architecture, the 
abandonment and reuse of the structures, and the abandonment and erosion of the strata.    
These conclusions also support further interpretation of the life of the site and the decay 
and destruction of the site that followed usage.  I present four logical inferences of these 
observations below. 
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7.3.1 – Reconstructing the landscapes of Pond 11 
The people of the earliest phase of Beisamoun Pond 11 chose their location 
because it suited their needs and wants (whatever those may have been).  Reconstructing 
the original location will help in our understanding of what made Pond 11 a suitable 
settlement.  Micromorphological analysis has provided hints as to what the original site 
was like, even though the base stratum has not yet been reached through excavation.   
 The original test trenches all contained a deep layer of dark brown (Figure 4.08 
and 4.09), compact clay considered by the excavators to be sterile, lacustrine sediment.  
Above this layer was a series of yellow-brown sediments that contained PPNB or PPNC 
artifacts and resembles Sector E:Ic and I and Sector F:C, B, and B1.  If these layers base 
layers are equivalent as expected, then it implies that the eastern edge of Pond 11 was 
Area of Pond 11 % of thin sections 
 with bioturbation 
Dominant type and degree of bioturbation 
Sector E: Ic 
70% 
Low number of root passage features and rhizoliths 
in each slide.  These features typically have strong 
calcitic hypocoating.  Some mite fecal matter and 
biogenic crusts.  Bioturbation is frequent, but light. 
Sector E: Ib 
78% 
Frequent root passage features in each slide.  Some 
mite fecal material.  The features are inconsistently 
cemented.  Bioturbation is typically heavy. 
Sector E: I 
73% 
Frequent root passage features in each slide.  Some 
mite fecal material.  Fresh roots are common.  The 
features heavily cemented.  Bioturbation is typically 
heavy. 
Sector E: 0a 100% Ubiquitous bioturbation, many fresh roots. 
Sector F: B/B1 86% Frequent root passage features and mite waste.  
These features are often cemented. 
Sector F: 01 25% Common root passage features. 
Table 7.1 – Frequency and degree of bioturbation found in the thin sections.  All layers have 
been subjected to bioturbation, although Layer Ib and I were the most disturbed.  Note, Layer 
F: C was excluded because only one sample has been recovered from that stratum.  
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built atop a clayey lacustrine deposit.  As explained previously (Section 7.2.1), I propose 
that these layers are equivalent to each other and to the base layer of the western section 
of Sector F.  This dark layer is very similar to the base layer of Trench 6 (Figure 6.27).  
To the west, the dark clay contains a well-articulated headless burial (Figure 4.21), 
without any visible pit from an overlying layer.  The burial is in the lower portion below 
the columnar paleosol, which appears to slightly truncate the dark clay.  The implication 
is that sediment deposited atop the paleosol was able to develop vertic soil characteristics, 
showing a considerable period of stability between the burial and the overlying 
occupation.   
The possibility that these units are equivalent supports a reconstruction in which 
the settlers of the Pond 11 area (perhaps from an older and already established region of 
Beisamoun) built a limited occupation on an eastward-sloping wetland soil that 
descended ~ 3 m over ~75 m of this surface.  The original slope was likely less steep, 
having since been exacerbated by the natural subsidence of the valley and erosion and 
truncation of the original surface.  Above this surface new layers were constructed of 
locally made adobe that eventually degraded and created the thick carbonatic silty-clay 
loam sediment that is ubiquitous to Pond 11 and its surrounding trenches. 
  The elevation of these archaeological deposits within Sector E and F are lower 
than the truncated surface along the western edge of Sector F, suggesting that the base of 
these architectural phases were built into the paleosol, rather than being situated on top of 
the paleosol.  In Trench 1, the archaeological sediment Tr.1:B clearly truncates the earlier 
paleosol, Tr.1:D (see Figure 4.08 and 4.09).  Similarly, Tr.3:D clearly covers a ridge of 
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Tr.3:E (Figure 4.09), which might have resulted from landscaping activities.   The 
builders of the early architecture in Sector F may have flattened and truncated the 
surface, placing the base stones and floors several cm down into the natural surface.  
Additionally, bioturbation (in particular earthworm activity) below porous construction is 
known to cause the appearance of truncation and a blurring of the boundary between 
sediment units and soil horizons (Atkinson 1957; Canti 2003).  The two causes may have 
combined to create the current situation of later archaeological layers being built into an 
earlier surface. 
Trench 7 reveals a further detail about the deep landscape of Pond 11.  The lowest 
exposed layer (Unit Tr.7: 1) is an archaeological deposit with input from the surrounding 
wetlands, including diatoms, marl fragments, and shells, though these are also mixed with 
anthropogenic materials.  The familiar anthropogenic and carbonatic fill deposit (Unit 
Tr.7: 3) is found above this, at an elevation comparable to that of the layers in Sector E 
and Sector F.  The elevation of Unit Tr.7: 1, on the other hand, is ~1-1.5 m deeper than 
the western edge of Sector F. 
The varying elevations of the underlying paleosol suggest an uneven landscape 
into which the major Pond 11 occupations were built (Figure 7.04).  Accounting for slight 
topographic variations within a relatively ‘flat’ surface, the slope between Sector F and 
Unit Tr.6: 1 and a hypothetical corresponding deposit in Tr. 7 is quite steep.  This 
topographic variation supports the idea that the original builders of the large constructed 
layers flattened a zone within a relatively bumpy and sloped landscape.  Whereas the 
slope between Sector F and Unit Tr.6: 1 follows the general slope of the Hula, the depth 
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of Unit Tr.7: 1 in comparison to Sector F may be more indicative of micro-topographic 
changes across the area.  Though it is speculation, it is possible that an old channel 
provided a northern boundary to the Pond 11 occupation during the earlier phase, which 
was later filled in with sediment and supported a growing settlement.  Alternatively, a 
period of erosion may have wiped away the northern portion of the site prior to the 
archaeological layers, a process noted at other sites with significant abandonment gaps 
such as Jericho and Tel T’eo (Eisenberg et al. 2001; Kenyon 1960).  Both possibilities 
suggest a time gap between the earliest occupation and the later well-evidenced PPNC 
occupation. 
The original landscape of Pond 11 was a wetland soil surrounded by a dense tabor 
oak and Pistacia forest with light grass and shrubland around the trees (van Zeist et al. 
2009).  The peats, organic soils, and organic remains encouraged decalcification of the 
carbonatic sediments of the wetland system (e.g., BN10-18 and BN10-21) (van Den Berg 
and Loch 2000).  This peaty and clay sediment covered a wide swath of the western shore 
of the Hula lake and wetland system, and is found in Pond 2 (Lechevallier 1978) and 
Beisamoun-West (Khalaily et al. 2015), all associated with M/LPPNB artifacts and 
architecture.   
 The people who occupied Pond 11 during the Layer Ic period (and Layer Ib semi-
abandonment) experienced warm temperatures and heavy seasonal rains (see Figure 
3.06).  These rains may have encouraged the degradation and reworking of adobe, and 
the spreading of reworked adobe across the landscape.  Over time, the sediment created a 
thick (~1 m) new layer across the Pond 11 landscape. 
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 Micromorphological analysis demonstrates an increase in reddish-brown 
shrinking and swelling clays in the Layer 0a (e.g, BN10-20A/B and BN14-04).  This 
matrix resembles to the reddish-brown clays of Unit Tr.4: 2 and the terra rossa derived 
colluvium of BN10-10  (Figure 6.02, 6.09, and 6.47).  The increase in these clays 
suggests an increase in sediments derived from slope soils.  Pollen records demonstrate a 
sharp decline in tree coverage after the time of Layer Ib (Figure 3.07), even though heavy 
rainfall continues (Figures 3.05 and 3.06).  Without the dense tree cover, the heavy 
rainfall may have facilitated slope erosion, transporting reddish-brown clays deeper into 
the valley.   
The radiocarbon date at the top of Layer I implies that Layer 0a postdates the 
mid-7th millennium BCE, and thus may be situated in the latter pollen assemblage zone 
(PAZ 3 of van Zeist et al. 2009, see Figure 3.07).  If this reconstruction is true, then the 
people of Layer 0a inhabited grassland with sparse trees of the edge of reed swamps.  
These plants were growing on a mix of reddish-brown clays that were developing vertic 
characteristics during the seasonal wet and dry periods.   
 
 7.3.2 – The pattern of use and reuse at Pond 11: Sector E 
 The micromorphological assemblage confirms the hypothesis that there were 
periods of abandonment and reuse in Pond 11, in particular Sector E.  Furthermore, the 
micromorphological data allow me to increase the resolution on the Sector E 
reconstruction.  The pattern of reuse permits me to hypothesize about the nature of 
continuity and change during this period of the Neolithic (Figure 7.05 and 7.06). 
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Figure 7.04 – The original slope of the Pond 11 area.  The topography shows a slight downward 
slope (~3.5%) to the east, and a sharper slope (gradient unknown) to the north.  The slope to the 
east is based on similar deposits below (or surrounding) PPNB or PPNC archaeological remains 
in Trench 6, Sector F, and the bases of Trenches 1 and 2.  The slope to the north hypothesized 
because no similar deposit has been found at the base of Trench 7.  In actuality, the slopes were 
likely gentler during the 8th millennium BCE, but have since been increased by erosion and 
subsidence.  The other trenches and sectors are also shown, even though the basal clay layer has 
not yet been uncovered.	  	  
 
The earliest known Layer Ic phase (ca. 9,100 cal BP) was marked by the 
construction of a large, rectangular building made of predominantly unheated adobe atop 
large stone foundations.  The quantity and location of already-extant architecture (and 
whether it provided a base for the Layer Ic structures) is currently unknown.  This 
structure was used for at least two (and probably more) subsequent occupations.  These 
occupations are marked by an increase in micromorphological signs of abandonment, 
exposure, and stability, such as a concentration of coprolites and brick fragments and 
fragments of vesicular crusts (see Figure 6.30).  These abandonments were likely short; 
there were neither marked pedogenetic changes nor signs of severe erosion at these 
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elevations.  The lowest phase of Wall 373 looks more disturbed (sample BN13-12), 
however, and may either signify a longer abandonment period or more sever erosion of 
the wall.  At the same time, it is clear that reorganization of the sediments has occurred – 
fragments of crust are clear signs that the surface had been fragmented and disturbed.  
The new occupation would have disturbed, compressed, truncated, and reworked the 
surface of the older surface, leaving only a small lens of archaeological accumulation. 
The number and longevity of re-occupations within the Layer Ic phase is 
unknown – only the architectural changes and micro-artifacts lenses give indication to 
this cycle of reuse.  For example, these short abandonments may have been seasonal, and 
thus numerous surfaces would be expected.  In this situation, only a few abandonments 
have left any signs, perhaps because they were more intense, or perhaps because they 
were contemporaneous with the building episodes and more materials were deposited 
upon their surfaces.  However invisible these other layers are, the implication is that the 
early occupation at Pond 11 was dense and frequently inhabited.  
These potentially numerous and cyclical inhabitations and abandonments came to 
an eventual end (by ca. 8,700 cal BP at the latest), and the structure was allowed to 
collapse.  Although the site was not abandoned, the micromorphology demonstrates that 
this is a significant period of neglect for the main structure – the archaeological material 
is heavily reworked, rich in construction material fragments and phytoliths, and with 
calcium carbonate impregnation from periods of stability.  Despite the longtime stability 
suggested by the micromorphology, this period of degradation and decay was not without 
human activity.  Whether or not the Neolithic people returned for mundane purposes 
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(e.g., ephemeral shelter, midden and hearth construction), they did return for special 
occasions - such as burials.  These end-of-life events were deemed appropriate occasions 
to reuse to the ruin of the once well-inhabited structure.  These burials were typically 
flexed and placed within burial pits in archaeological fill and near walls.  Some may have 
even been placed in seated position against the wall (Burial 337, for example).  Well-
preserved primary burials reveal a lack of secondary treatment (i.e., skull removal), 
which would suggest that there had been a change in burial behavior from time of Burial 
276 (and similar) of Sector F, which were placed prior to the major construction 
evidenced at the locale.    
Whereas the majority of the burial forms found in Sector E: Layer Ib are a close 
match for contemporary assemblages, there are two elements that herald a change in 
behavior: cremations (E: burials 338 and 347 and F: burials 211 and 246) and the finding 
of pig bones from a single pig within a secondary burial (F: burial 230-234).  These 
practices are exceedingly rare in the archaeological record.  The closest contemporary 
example for cremations is at the slightly later Tell el-Kerkh (see Figure 2.04) (Tsuneki 
2011).  These exemplary burials are found alongside burial forms more consistent with 
the PPNC, and placed within the abandoned structures of Pond 11, following a millennia 
old pattern of associating burials to buildings.  Burial 338 is the most remarkable burial 
of Layer Ib and exemplifies the blend of new and old behaviors that typifies the PPNC.  
The constructed cremation pit (possibly the earliest known in the region) is made of a 
calcareous matrix rich with quartz sand (BN13-23), similar material found in some floors 
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and built features (see BN11-07, BN10-02, BN12-14, and BN12-20) (see Figures 6.23, 
6.24, 6.29, and 6.40).  The symbolism of these connections is discussed in Section 7.4. 
Layer Ib was a period of semi-abandonment, which by all indications lasted for 
many years.  The radiocarbon dates suggest that this period may have lasted until ca. 
8,560 cal BP, meaning that Structure 354 as left to collapse for over a century, punctuated 
with periods of light occupation and use outside the structure.  During this time, the 
degrading adobe mixed with the new remains and rubbish from the ephemeral human 
activities (e.g., pits, burials, middens, and fireplaces – see L. 339, 342, 395, 399 on 
Figure 6.37) to create a thick sediment rich in microartifacts that spread across the terrain.  
It is likely that other structures were also collapsing in the nearby area, helping to create 
the extended colluvium found in the surrounding trenches (Section 7.3.3).  In spite of this 
semi-abandonment, the locale was never forgotten.  It is entirely possible that the 
community simply moved some meters away, and watched as the buildings of Pond 11 
decomposed.  More excavation is required to understand this semi-abandonment.   
At some point after ca. 8,560 cal BP, people decided to re-inhabit Pond 11: Sector 
E.  When they returned, they decided to not only re-inhabit the locale, but to re-inhabit 
the structures themselves.  Micromorphological analysis proves that at least some of the 
massive walls of Structure 354 were still standing (for example, BN14-3472.2), and 
formed the basis of the new building of Layer I.  Building 306 was therefore not a new 
building, but rather a renewal and reconstruction of an already centuries-old building 
with a new plan.  Though microscopic fragments of construction material are found 
within Layer I, there are far fewer large fragments and patches of collapsed construction 
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material.  It is possible, therefore, that the walls of the structure were only adobe up to a 
point, above which a different, less permanent material was used.  One possible 
reconstruction has the people of Layer I constructing reed and brick huts – a style of 
construction that could be found among the Ghawarna of the Hula as late as the early 20th 
century (Falah 1990).  These walls may have been covered with daub or similar clay 
material, which may explain the many fragments of heated clay with vegetal temper 
found in the samples (the heating would have been accidental in this case). 
Floors were constructed within and around this building, often as thin layers of 
plaster (BN12-3049.4 and -3049.5), shell and pebble (BN14-11 and BN12-07), or dirt, 
and were made without a clear preparation layer below.  Outside of the building was a 
courtyard (Figure 6.41 and 6.42), built of dirt in some areas (L. 320) and shells and 
pebbles in others (L. 324/328).  The micromorphological data (BN11-10A/B/C) reveal 
that the dirt portion of the courtyard may have been used as a refuse dump, and may have 
been periodically swept (Figure 6.39).  A platform is found to the east of the site, built 
partially of sandy calcareous material (BN10-02), which has been elsewhere interpreted 
as being of calcareous mud from the lake (Boness 2012).  The surfaces of this layer 
appear to be have been frequently redone (such as the sequence of plaster floors of 334), 
possible as part of frequent upkeep, or from seasonal abandonments that left few other 
traces.  The preliminary results of faunal analysis indicate the seasonal hunting of pigs 
and boar, suggesting that perhaps the Layer I (and Layer 0a) occupation was a summer 
encampment (Bocquentin; Khalaily et al. 2014:84–87).  
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Eventually (~6450 BCE) this occupation was abandoned and covered with 
reddish-brown silty-clay sediment.  Unlike the collapse of Layer Ib, the Layer I ruins 
were not returned to for burial purposes.  The sediment was rich with both artifacts and 
microartifacts, though all have been heavily reworked by bioturbation and water action.  
Despite the reorganization, the surfaces upon which the accumulation rests are relatively 
well preserved.  This preservation may have been accomplished by a very quick collapse 
that protected the surfaces, followed by a long period of abandonment and low energy 
accumulation, or it could have been caused by a slow and gentle collapse followed by a 
slow and gentle accumulation.  I favor the former explanation, although no lenses of 
material have been found to indicate collapsed walls or roofs, such as beds of phytoliths, 
charcoal, or thick patches of adobe like at the boundary of Ic/Ib. The lack of evidence 
may be explained through the subsequent reworking by bioturbation, particularly if the 
roofs were organic, as opposed to being built of mud or adobe.  Roofs of vegetal material 
quickly decay, and the remains attract soil fauna that encourage bioturbation and further 
decay (Friesem et al. 2014; Goodman-Elgar 2008).  In either case, if Layer I was indeed a 
seasonal encampment, then it is likely that people simply moved to a new area one season 
and did not return. 
Plants grew over the abandoned structure, soaking up calcium carbonate-rich 
groundwater and developing hypocoatings around their roots.  Surface waters encouraged 
the development of carbonatic features (see 7.2.5), creating a zone of carbonatic features 
(BN10-20C).  Once abandoned, plants and animals overgrew inhabited the structure, 
leaving evidence of bioturbation, biogenic crusts, phytoliths (e.g., BN11-09), and 
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breaking apart impregnative features and cemented inclusions and microartifacts.  The 
cycle of wetting and drying would reoccur, further cementing these reorganized 
inclusions (e.g., BN10-20C and BN11-08).  New clays were also deposited, likely 
transported with the water. 
Sometime later, people reinhabited Pond 11 (Layer 0a).  As shown by the 
micromorphological data (BN14-3472.2), they made use of the only portion of the 
ancient Layer Ic wall that is known to have been preserved above the surface.  Although 
the Layer 0a structure was built upon the same spot as the older structures, the orientation 
was slightly askew, suggesting that only the northern wall was preserved above the 
surface.  It is not known whether these people chose Pond 11 explicitly because they 
knew of the previous occupations, or whether the area had already been selected and the 
old wall was a lucky find.  In either situation, the artifact assemblages of Layer 0a 
provide further evidence of both continuity and change.  Floor and surface construction 
was the same in Layer 0a as in earlier periods, as exemplified by pebble and shell 
surfaces (e.g., BN13-03 and BN13-05), and plaster and sandy calcareous surfaces and 
features (e.g., BN13-04).  Additionally, preliminary (still ongoing) lithic analysis does 
not indicate any significant changes in lithic typology between Layer 0a and the earlier 
layers (F. Borrell. pers. comm.).  The faunal analysis suggests that Layer 0a was also 
seasonal, though cattle make up a larger portion of the assemblage.  Like Layer I, no 
burials are attributed to Layer 0a. 
Layer 0a would also be abandoned, and this time the abandonment appears to 
have been permanent.  Like Layer I, whatever happened to Pond 11 at that point was low 
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energy – the thin floors were left well preserved.  The groundmass became increasingly 
clayey (e.g., BN10-20A and BN14-04), and was subject to cycles of wetting and drying 
that encouraged pedogenesis (Layer 0*). Human occupation at Pond 11 was over, and the 
site was left alone to collapse. 
 
7.3.3 – The size and extent of early Beisamoun Pond 11 
As discussed above, the Layer Ic settlement was frequently reoccupied and 
reconstructed, resulting in a dense accumulation of anthropogenic material.  The 
collection of local carbonatic sediment from the earthen construction further changed the 
Pond 11 locale by introducing a new unit on top of the original paleosol base.  This last 
point is fortunate, because by introducing this material, the people of Pond 11 provided a 
key to connecting the different sectors and trenches, as well as indicating locations where 
future excavations may prove fruitful. 
When the construction materials degraded, they became enriched in carbonate, 
charcoal, bones, ashes, and coprolite fragments.  The sediment spread out from the walls 
with the help of water, human activity, and bioturbation.  This sediment became the bulk 
of the matrix of the Pond 11 locale, upon which further occupations were built.  This 
process mirrors the complicated development of tell mounds, a common feature on the 
Near Eastern archaeological landscape (Rosen 1986; Wilkinson 2003).  Unfired brick is 
very susceptible to collapse and degradation, resulting in thin layers of aerated sediment 
(e.g., Friesem et al. 2011; Goldberg 1979; Goodwin-Elgar 2008).  In roofed structures, 
weathering tends to produce collapses and accumulations on the exterior of structures, 
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Figure 7.05 – Stylized reconstruction of the early period of the Pond 11 occupation (not to scale). 
Liberties have been taken with the roof design and the presence of other structures to the south.  
Note that the substrate changes as more adobe degrades and homogenizes into the surroundings. 
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Figure 7.06 – Stylized reconstruction of the later period of the Pond 11 occupation (not to scale). 
Liberties have been taken with the roof design and the presence of other structures to the south.  
The reuse and continued presence of the massive northern wall (W. 301/315/373) is clear.  Note 
that the surrounding sediment slowly becomes more clayey over time.
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weathering tends to produce collapses and accumulations on the exterior of structures, 
whereas unroofed structures (or structures with collapsed roofs) may collapse inward 
(Goodwin-Elgar 2008; McIntosh 1974).  Exterior accumulation would be unprotected 
and therefore more vulnerable to being redistributed and homogenized.  Dust blown 
sediments accumulate as bands of silt and clay sized minerals (frequently quartz, 
feldspars, and clays), which become reworked throughout the matrix (Carter and Pagliero 
1966; Friesem et al. 2011; Yaalon and Ganor 1973).  Interior spaces would be better 
protected while the walls stand, but become increasingly homogenized over time 
(Goodman-Elgar 2008).  In single-period occupations, the ability to discern degraded 
brick greatly decreases with distance from the structure, as bioturbation, dissolution, and 
physical weathering quickly homogenize the sediments into their surroundings (Friesem 
et al. 2011).  For long-inhabited areas (like the aforementioned tells), the degraded 
construction material mixes with newer organic refuse, collapsed cultural materials, 
water-laid and windblown sediments, and biogenic and geochemically altered sediments 
to form the bulk of the new matrix (Butzer 1982:87-90).  This bulk may be truncated 
anthropogenically or biogenically, trampled, sorted by water, and homogenized, and 
create a growing mound on the original landscape.  These sediments spread horizontally 
by colluviation, water runoff, and human landscaping activities (e.g., truncation, digging, 
and leveling) (Goldberg and Macphail 2006; Rosen 1986).   
The similar deposits found in the surrounding trenches suggest a significant 
horizontal spread of a 0.5 – 1 m-thick deposit (see Figures 6.14, 6.17, and 6.39).  
Furthermore, these deposits demonstrate similar post-depositional development, such as 
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well-developed hypocoatings, suggesting that they are generally contemporaneous.  The 
inference is that the region around Pond 11 was heavily occupied at some time (or at 
many times) between the later 8th to early 7th millennium BCE, coinciding with Sector E: 
Ic and Ib.  It is possible that the early center of this dense occupation was Pond 11, as 
Trench 1, 2, and 7 suggest an archaeological layer that has yet to be excavated (Unit Tr. 
7: 1, Tr. 1: C and 2: C) atop the marsh paleosol (Figure 6.13).  The site then grew 
horizontally and expanded to cover the area of Trenches 5 and 6.  This latter point is 
speculative, as we do not know what lies below Unit Tr. 5: 1, and it is possible that an 
earlier layer existed above Tr. 6: 2, but completely eroded prior to the deposition of Tr.6: 
3.   
Regardless of the details, the micromorphological results suggest that at the time 
of the Layer Ic occupation, the Pond 11 locale was a dense collection of adobe structures.  
These structures were either large enough, numerous enough, or reconstructed frequently 
enough to generate a sizeable deposit of adobe-derived accumulation over a wide area.  
This scenario differs from the original reconstruction of Beisamoun as a loose 
configuration of homesteads spread out across the area (Lechevallier 1978 and Rosenberg 
et al. 2010).  Thus, in the MPPNB, Beisamoun consisted of a well-dispersed group of 
homes loosely covering the large area to the southwest of the wetlands.  Eventually 
(perhaps starting in the M/LPPNB, or not until the PPNC), the people of the Pond 11 
locale began to build structures more densely, and more cyclically.  This site size and 
arrangement is unusual for the PPNC of the southern Levant, as most known sites are 
much smaller in size.  It is possible that other regions of Beisamoun experienced a similar 
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growth, though these have not yet been found.  The Pond 11 village experienced different 
centers of activity, allowing some structures to collapse for a time (such as Structure 354 
of Layer Ic) while activity continued elsewhere.  In this way, Pond 11 was very similar to 
a nascent tell mound.  The periods of abandonments and human activity allowed 
sediments to spread out across a wide area without experiencing significant vertical 
growth.  The convoluted stratigraphy of Sector F is highly indicative of the type of 
irregular topography and uneven surface long known to archaeologists who study tells 
(e.g., Rosen 1986; Wilkinson 2003, and citations within).   
At some point before ca. 8,600 cal BP, the people of Beisamoun either chose to 
stop living in such densely populated locales, or moved the dense center to an as of yet 
undiscovered location.  The archaeological layers (I and 0a) that overlay the 
accumulation layer in E may be mirrored in Units Tr.7: 4 and 5, but are not clear in 
Trench 5 and 6. The brown clay and micritic soil of Unit Tr. 6: 4 may be related, as it 
contains archaeological material (including atypical brick/adobe – sample T6-B11).  
Above Unit Tr. 5: 2 is a stony patch and dark, blocky soil with gravel inclusions, devoid 
of clear archaeology.   Although it is possible that subsequent built layers may have been 
completely truncated or heavily homogenized in both Trench 5 and 6, it is reasonable to 
presume that there was never another thick layer of degraded adobe and brick.  If true, 
then it is also reasonable to assume that the density of occupation in the area around Pond 
11 never reached that of the Layer Ic maximum, and that the entire occupation may have 
gently shifted eastward, covering Trench 6, but leaving the area of Trench 5 abandoned.  
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The size of Pond 11 as represented by E: Layer I is much more in line with our 
understanding of PPNC-sized sites. 
 Layer 0a is even more ambiguous.  Sampling (BN14-3472.2) demonstrates that at 
least a small portion of the early massive wall survived and was rebuilt (Figure 6.36); 
however the rest of the new structure was created anew, neither rebuilding older walls 
nor following the orientation of the original building.   Preliminary faunal remains 
indicate seasonality, with a focus on summer species.  It is reasonable to conclude that 
the by the end of the PPNC/early PN, the Pond 11 site was a small, seasonal occupation.  
Well-dispersed homestead became the norm for greater Beisamoun, until after the 
complete abandonment of Pond 11.  The abandonment allowed destructive post-
depositional processes to affect the budding tell mound without interruption, all but 
erasing it from the surface landscape. 
 
7.3.4 – The preservation of the Pond 11 Sector E site 
 As stated above, there are several major site-formation and post-depositional 
processes that have created the current Pond 11 archaeological site.  Most of these are 
caused or promoted through the movement of water, both above ground and below.  
Although many millennia have passed since the first occupation of the region, the 
ecology and environment have been relatively stable, with the exception of fluctuating 
lake levels and the growing dominance of papyrus and reed stands (van Zeist et al. 2009, 
see Figure 3.07).  The stability of paleoenvironmental factors has led to uniformity of 
post-depositional processes across the strata.  Therefore, the major differences between 
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the strata are not in the types of processes found, but the degree to which these processes 
developed.  
These processes have affected the preservation and recovery of artifacts and 
micro-artifacts.  Calcium carbonate crusts are common on artifacts throughout all strata.  
Though these crusts are occasionally pure calcite, they are more commonly composed of 
well-cemented ground matrix.  The micromorphology dataset mirrors this observation.  
Calcite pendants are found on microartifacts or mineral grains in several samples (e.g., 
BN11-10B, BN12-07A, BN12-08B, T7-B02, and T7-B07), suggesting that these 
inclusions were stable and on the surface when the feature formed (see Figures 5.02 and 
6.44).  Calcite crusts are more frequent, and are found in all strata, which highlight the 
reworked nature of the local sediments.  Cementation is very common in almost all strata, 
with the exception of Unit Tr.5: 1, Unit Tr. 6: 1, and the base of Sector F: section X26 
(Figure 6.11 and Figure 6.27), which are generally decalcified.  Even within these 
contexts, however, hypocoatings are still present.  Cementation of the groundmass is 
particularly noticed upper layers of Sector E (Figures 6.43 and 6.44).   
These encrustations are well known to excavators, and are common to all areas of 
greater Beisamoun.  The micromorphology reveals both the extent and the degree to 
which these coatings may hinder the recovery of archaeological remains, in particular 
faunal and microfaunal remains.  The crusts can easily mask features on larger bones, 
making them unrecognizable in the field (Bocquentin, Khalaily et al. 2014; Fernandez 
2012).  I have also demonstrated that these crusts may fracture already fragile specimens, 
making small bones even smaller and concealed, and therefore even more difficult to 
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recover (Figure 6.44).  These crusts have also been found around other microartifacts, 
including charcoal, which may be one of the reasons why charcoal has been recovered so 
rarely in the field.  Thus, this nearly ubiquitous post-depositional development may prove 
particularly detrimental to the recovery of artifact and microartifact assemblages. 
Bioturbation has obvious consequences for the archaeological record, particularly 
for microartifacts.  Earthworms, for example, are known to move small artifacts (< 2 
mm) vertically by many cm (depending on the species and the surrounding 
soil/sediment), completely altering the context (e.g., Armour-Cheru and Andrews 1994; 
Canti 2003; Stein 1983; Wood and Johnson 1978).  There are many other plants and 
microfauna that are well-known culprits for these contextual disruptions (e.g., Borojevic 
2011; Fowler et al. 2004; Théry-Parisot et al. 2010).  All of these issues have been noted 
in the field at Beisamoun (pers. exp.), as well as in the micromorphological samples.   
Although these agents of bioturbation are ubiquitous (see Table 7.1), it is within 
the upper layers that they do the most damage.  Indeed, though biogenic soil casts and 
channel voids are found in Layer Ic and Ib, these are typically found as discrete examples 
of bioturbation, with different sediment filling the void.  These imply that the 
bioturbation occurred after the sedimentation of the overlaying sediment.  This pattern 
also fits the proposed narrative of collapse and semi-abandonment of Layer Ic and Ib.  
During the Layer Ic phase, periods of semi-abandonment were short, meaning that 
conditions during Layer Ic were not advantageous for agents of bioturbation. The quick 
collapse of the structure of at the start of Layer Ib protected the final Layer Ic surface 
from intense bioturbation.  As time passed and the earthen remains of Structure 354 
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continued to slowly degrade, flora and fauna were able to more strongly bioturbated the 
sector. 
In contrast, the samples from Layers I and 0a are more regularly disturbed, 
implying repeated bioturbation. Similarly, though cementation is present throughout, it is 
in the upper layers that it is most prevalent.  These main post-depositional processes have 
affected the layers unequally, with the upper layers most damaged because of their 
proximity to the surface.  The change in hydrology and ecology in the mid 20th century 
and the excavations of the site have further driven these site formation processes.  Table 
7.2 summarizes these effects. 
This observation has implications for other archaeological analyses and 
interpretations.  First, the micro-archaeological assemblages within Layer 0a and Layer I 
are likely to be highly mixed, and it is possible that microartifacts may have moved 
vertically by many cm.  Therefore, extra care should be taken to secure contextual 
relationships within these layers.  Certain contexts are relatively well preserved, 
particularly immediately above or within surfaces and floors (surface 320, for example – 
BN11-09), but even these should be treated with caution.  Many preliminary studies (i.e., 
palynology and archaeobotany) have reported low numbers of finds for these layers.  
Even though steps were taken to decalcify the samples, the strong impregnation of Layer 
I may still be masking these microartifacts or destroying the botanical remains.  
Alternatively, phytolith dissolution may have occurred, through reabsorption into roots 
(Alexandre et al. 1997) or gradually through contact with the typically alkaline sediments 
(Cabanes et al. 2011; Fraysse et al. 2006; Karkanas 2010).  Finally, very few charcoal 
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fragments have been recovered from these upper layers, significantly hindering attempts 
to date these layers.  I suggest that bioturbation and cementation are largely responsible 
for these issues.  First, charcoal has been found to preserve poorly in alkaline soils.  In a 
study using oak, Braadbaart et al (2009) found that charcoal heated above 310°C tends to 
fragment into small (≤10 mm) pieces or become soft in alkaline soils, making 
preservation unlikely.  Furthermore, charcoal is likely masked and fragmented by 
cementation, resulting in smaller fragments that could be concealed or made too small to 
collect as a sample. Finally, these small fragments may be easily transported into other 
contexts and strata by roots and small animals, resulting in inconsistent or irrational ages 
(Braadbaart et al. 2009; Schiegle et al. 1996; Théry-Parisot et al. 2010).  Any future 
radiometric dating of the upper layers is likely to be unsuccessful unless the context is 
completely secure in the field. 
Layer I and Layer 0a are both very near the surface and subject to significantly 
more water seepage and bioturbation than the lower layers, and are thus unlikely to yield 
valid results for many analyses.  Layer Ic and Ib are different, and are much more likely 
to reveal meaningful results.  Though Layer Ib is an accumulated deposit, cementation 
occurred prior to the burial of Ib by Layer I.  Therefore, I suggest that artifacts found 
within Layer Ib belong to Layer Ib, even though they may been moved out of primary 
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Lvl. Occupation/event Site-Formation Process Effect on  the 
archaeology 
La
ye
r 
I 
Reconstruction of the 
main structure 
(possibly seasonal) 
§ Seasonal construction, trampling, 
redistribution 
§ Seasonal abandonment, 
overgrowth, and collapse 
§ Bioturbation and cementation 
§ Preservation of 
underlying layers 
§ Destruction of 
features 
§ Movement of artifacts 
La
ye
r 
Ib
 
Occasional reuse and 
semi-abandonment 
§ Sediment homogenization 
§ Adobe degradation 
§ Overgrowth of the site 
§ Water pooling and runoff 
§ Human activity 
§ Cementation 
§ Destruction of 
features 
§ Deposition of 
artifacts 
§ Movement of artifacts 
§ Preservation of 
underlying deposit 
La
ye
r 
Ib
 / 
L
ay
er
 Ic
 Collapse § Rapid sedimentation atop earlier 
layers 
§ Overgrowth of the site 
§ Water pooling and runoff 
§ Bioturbation and cementation 
§ Preservation of 
underlying layers 
§ Movement of artifacts 
§ Destruction of 
features 
 
La
ye
r 
Ic
 Dense occupation  
§ Cycles of use and abandonment 
§ Sedimentation, trampling, 
truncation 
§ Bioturbation and cementation 
 
§ Deposition of 
artifacts and creation of 
lenses and micro-strata 
§ Destruction of 
context 
Pr
e-
La
ye
r 
Ic
 
Earliest construction § Clearing and leveling the site § Truncation of earlier 
deposits 
Abandonment (?) § Possible overgrowth of the site 
§ Vertic development 
§ Movement of artifacts 
Occupations on 
wetland paleosol 
§ Truncation of surface soil 
§ Deposition of artifacts 
§ Deposition of 
artifacts 
Table 7.2 –Summary of the major post-depositional processes of Pond 11 over time, and the 
resulting effects on the archaeology.  The oldest events are on the bottom.  The table is 
continued on the next page 
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Lvl. Occupation/event Site-Formation Process Effect on 
archaeology 
M
od
er
n 
(L
ay
er
 0
) 
Seasonal excavation § Seasonal removal of sediment and 
plants, trampling 
§ Re-exposure of older strata to 
bioturbation and CaCO3-rich water 
§ Increased erosion 
Abandonment § Overgrowth  
§ Bioturbation and cementation 
§ Destruction of context 
for layers near the surface 
Fishpond 
construction 
§ Destruction of overlying sediment 
and upper layers 
§ Deposition of new sediment (Layer 
0) 
§ Destruction of features 
§ Destruction of context 
for layers near the surface 
Drainage of the 
lake and new 
drainage pipes 
§ Changing hydrology and ecology § Movement of artifacts 
§ Increased growth of 
crusts 
La
ye
r 
0*
/to
ps
oi
l) 
Final Abandonment § Millennia of overgrowth by marsh 
plants, sedimentation, and increased 
clay sedimentation 
§ Development of vertic soil 
characteristics 
§ Movement of artifacts 
§ Destruction of context 
for layers near the surface 
§ Dissolution of 
phytoliths? 
La
ye
r 
0a
 
Occupation of site § Seasonal construction, trampling, 
redistribution 
§ Seasonal abandonment, overgrowth, 
and collapse 
§ Bioturbation and cementation 
§ Movement of artifacts 
§ Destruction of features 
§ Destruction of context 
La
ye
r 
I /
 L
ay
er
 0
a Abandonment § Vertic development § Increased clay sedimentation 
§ Bioturbation and cementation 
§ Movement of artifacts 
§ Destruction of context 
Table 7.2, cont. –Summary of the major post-depositional processes of Pond 11 over time, 
and the resulting effects on the archaeology.  The oldest events are on the bottom. 
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context by bioturbation.  Layer Ic is in much better condition, demonstrating even a 
limited preservation of micro-strata.  Cementation and burial have generally protected 
Layer Ic (when it was not strongly disturbed by later construction).  In this case, artifacts 
recovered from Layer Ic may be considered in relatively good context.  Caution is still 
required, however, as renewed bioturbation has accompanied recent excavation, and may 
cause serious preservation issues in the future. 
 
7.4 – Memory, continuity, and change at Beisamoun Pond 11: Sector E 
 The micromorphological data at Beisamoun Pond 11 and its surroundings 
highlight the cycles of occupation and abandonment that occurred as the Neolithic site 
expanded and shrank in the late 8th to early 7th millennium BCE.  The most striking 
aspect of the development of the site is the pattern of return – not just the reuse of the 
Pond 11 location, but also a reuse of the structures themselves.  The construction of 
Structure 354 sparked or strengthened a bond between the Neolithic peoples of 
Beisamoun and the Pond 11 locale.  In the following section, I use the inferences from 
the micromorphological evidence to suggest that the meaning of this bond changes over 
the course of the Layer Ic – Ib – I sequence, before fraying and possibly severing during 
the Layer 0a occupation.  
 Structures are inherently dynamic; they are designed and built, remodeled and 
adapted, inhabited and abandoned, and are subject to decay.  Structures are the centers of 
activity, both mundane and symbolic, and the focal points of social, cultural, and 
economic ideas and relationships (Flannery 1972; 2002; Wilk and Rathje 1982).  People 
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design structures based on a combination of social understandings and knowledge of 
materials.  These buildings are products of the social system that produced them 
(Bourdieu 1977; Giddens 1984), and therefore reflect these ideas back to the inhabitants, 
communicating information about worldview, material knowledge, and appropriate 
behavior (Cunningham 1973; Rapoport 1982).  As time passes, structures may be 
repurposed, and the symbols and socio-cultural meanings that they reflected change to 
align with the beliefs and attitudes of the inhabiting people (Banning 2003b; Banning and 
Byrd 1987; Cutting 2006; Hodder 1990; 1998; Kuijt 2000; Saidel 1993; Watkins 2008b). 
Structures do not reflect only new meanings and ideas, they also serve to create 
and preserve social memory (e.g., Hodder and Cessford 2004; Tringham 2000).  
Individuals recall and interpret memories through the lens of their society.  An 
individual’s recollections can be complemented by memories from other people, or by 
material and cultural cues found within their society.  A society develops a shared social 
framework of materials, metaphors, and individual recollections that create a collective 
identity, worldview, and social memory (Chadwick and Gibson 2013; Halbwachs 
1992[1950]; Mitzal 2003; Shotter 1990).  These social memories are encoded into the 
built environment through material culture, place-specific activities, and events 
(Assmann 1995; Rapoport 1982).  Individuals within the group actively generate and 
integrate these social memories and worldviews into their daily lives through the 
repetition of behavior and activity (Connerton 1989; Lucas 2005).  The integration of 
meaning through repetition may be intentional, or it may be an accidental byproduct of 
mundane routine.   Locations in which these repetitive behaviors occur may themselves 
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be imbued with meaning and social value.  This infusion of meaning is even more potent 
when the repetitive activities relate to the location or structure, in particular maintenance 
activities such as resurfacing, plastering, and rebuilding (Buchli 2002; Hodder 2006; 
2007; van Dyke 2003).  
All societies have an awareness of the past, and an awareness that the past is still 
materially represented in the form of old structures, features, and material culture (Van 
Dyke and Alcock 2003).  This awareness is particularly heightened in long-used built 
landscapes; degraded architecture and surface scatter of artifacts may serve to connect 
people to their ancestors (real or imagined) (Chadwick and Gibson 2013).   Studies have 
suggested that specific oral histories rarely survive intact for longer than 200 years, after 
which they become part of a general mythological of the community (Bradley 2002).  
Ancient structures can often act like mnemonic devices, being used to help recall and 
reconnect with the more mythological past.  Ancient architecture and landscapes are 
therefore potent ‘anchor points’ in the creation of social memory and social identity 
(Chadwick and Gibson 2013; Stevanović 1997).  
Several authors have used these concepts of social memory and the built 
environments as a way to attempt to understand the Neolithic (PPNB in particular) 
worldview (e.g., Hodder and Cessford 2004; Kuijt 2000, 2008; Kuijt et al. 2000; Watkins 
2004; Watkins and Scarre 2004).  It was during the Final Natufian/earliest PPN that the 
people of southwest Asia devised new ways to use their built environment to encode 
social meaning.  For the first time, humans were building architecture, and for the first 
time were recording beliefs, social ideas, and worldviews into a permanent form 
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(Watkins 2004).  The architecture acted to create physical boundaries between the 
exterior wilderness and the controlled domestic interior (Wilson 1988).  It is suggested 
that people structured their communities more and more based around household units, 
which is mirrored in the development of domestic architecture and increasingly private 
spaces (Hodder 1990, 2004; Wright 2000).  People became increasingly anchored to their 
homes, their communities, and their landscapes (Banning 2002; Belfer-Cohen and 
Goring-Morris 2002; Düring 2006; Nanoglau 2001). 
These anchoring structures were predominantly built of materials that required 
frequent upkeep: earth and plaster.  These maintenance activities would serve to reinforce 
personal connections between people and their homesteads and their communities.  The 
mining of local earth for materials would likewise reinforce connections between the 
people and their surrounding landscape.  As communities became larger and more 
densely populated, new forms of settlement organization were required to maintain group 
cohesion and reinforce social mores.  In many of these communities from around the 
Levant and Western Asia (e.g. ‘Ain Ghazal, Qermez Dere, Çatalhöyük, and Tell Halula) 
structures were habitually rebuilt, refinished, or destroyed and reconstructed (Banning 
and Byrd 1987; Kuijt et al. 2011; Love 2012; Watkins 2004).  The implication is that 
through these repeated actions, the inhabitants reinvested their energy into their 
community and strengthened group cohesion and social norms, enabling them to grow in 
density and size while managing unrest. 
Within Pond 11, Layer Ic demonstrates several phases of architectural 
reconstruction and expansion.  The micromorphology reveals clues that episodes of 
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inhabitation occurred within Layer Ic, marking periods of brief interludes between the 
successive occupations (block BN12-16) The reasons for the abandonments are unknown 
– there may have been external issues such as ecological instability, social issues such as 
deaths in the household, or period abandonment may have been part of a normal life of a 
house at this time.  For whatever reason, the structure was subsequently reoccupied and 
rebuilt.  Sample BN13-13 reveals that even the massive northern was reconstructed and 
renewed over this period.  At the same time, the evidence from the trenches reveals that 
the site was expanding in size and density.  These observations fit well with 
reconstructions of the Late PPNB and PPNC, in which cycles of rebuilding help smooth 
out the tensions of an increasingly dense community (Byrd 2000; Hole 2000).     
The collapse and abandonment of Structure 354 resulted in the extensive 
accumulation of Layer Ib.  The usage of the ruined structure for important life-cycle 
activities (i.e., burials) should come as no surprise.  Long abandoned structures are still 
able to create meaning for the inhabitants of a site.  People in the past were aware of their 
past, real or imagined, and shaped their present selves and their actions in relation to this 
perceived past (Bradley 2002; Gosden and Lock 1998).  Abandoned structures may 
create social tension or reinforce social cues, setting the current people apart from the 
preceding occupants, while simultaneously providing opportunities to connect with the 
past.   
Even though Layer Ib provides evidence for continuity of the PPNB focus on 
structures, the cremations provide significant evidence for social changes at Beisamoun.  
Cremations are unknown in PPNB contexts.  Burial 347 is a secondary burial of a 
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cremated adult, placed in an organic container (that has since decayed) and buried near 
the massive wall.  Burial 338, the cremation in the plaster lined pit, is interpreted as 
primary, and is thought to be the earliest known deliberate cremation in the Levant 
(Bocquentin in Bocquentin, Khalaily et al. 2014: 33-40).  Even at Tell el-Kerkh, the 
closest comparison (chronologically) for this practice, the use of plaster or lime-paste to 
line the mud walls was not noted, although no micromorphology was performed (Tsuneki 
2011; A. Tsuneki, pers. comm.). Once again, Pond 11 seems to be unique.  It is possible 
that this was done to mimic plaster-lined hearths, evidenced at rare Neolithic sites around 
the Levant (e.g., LPPNB/PPNC ‘Ain Ghazal, see Verhoeven 2002b) including Pond 11: 
Layer Ic.  Alternatively (or additionally), the choice of plaster may echo a different 
millennia-old relationship – the use of plaster for cranial remodeling and the frequent 
occurrence of burials in proximity to plaster surfaces (Clarke 2012; Goring-Morris 2000; 
Kuijt 2008; Valla et al. 2007).  Although it is more speculative, the plaster pit may also 
presage PN practices of ceramic jar burials, such as at Tell Te’o Stratum IX (Eisenberg et 
al 2001; Goren and Halperin 2001).  The form of plaster used is different than that found 
in the two plaster floors sampled (F. 1486 in Tr.3, sample BN07-G8UT3, and F. 334 in E: 
Layer I, samples BN12-3049.4 and BN12-3049.5).  Instead of being a homogenous 
calcium carbonate paste with fine gravel inclusions, it is a calcareous substrate rich with 
quartz sand – more akin to degraded surface 238 and several poorly understood small 
features, such as L.350, the platform L. 205.  A more comprehensive study of the 
plasters, plaster-like materials, and white ware vessels of Pond 11 will be required to 
understand if this difference represents a significant trend, or simply standard variation of 
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lime-based construction.  If the former, it may help us understand the context of the 
(currently) truly unique cremation pit. 
Though the form of these cremation burials signifies changes in social practices, 
they are still being done in in the abandoned ruins of a long-inhabited structure.  Burials 
within structures (e.g., the subfloor burial at MPPNB Beisamoun Structure 150, Figure 
4.04) are a common characteristic of the early Neolithic.  By the PPNC, people in the 
region had been using structures for burials for millennia (e.g., Valla et al. 2007).  
Although the precise meanings and symbolism had certainly changed over time, the 
longstanding association between architecture and the dead (along with other, long-held 
mortuary practices) indicate a general continuity of symbolic systems throughout the 
PPNB (Kuijt 1996).  These mortuary practices have often been interpreted as acting as an 
anchor for social continuity between the living household and the past (Goring-Morris 
2000; Kuijt 1996, 2001, 2008; Kuijt et al 2011).  As LPPNB communities became PPNC 
communities, burial practices became more varied, but were still frequently associated 
with architecture (i.e., walls), suggesting that a focus on the house maintained after the 
end of the LPPNBs.  This association largely disappears in the early PN (Galili et al. 
2005, 2009; Kuijt et al. 2011; Tsuneki 2011).   
The Layer Ib interments suggest a PPNC variation on the same theme.  At Pond 
11: Sector E, people are returning to a structure that is otherwise being left to degrade for 
the explicit purpose of burying the dead.  In essence, these ancient rituals are being 
performed with new forms.  Previously, structures that were in between occupations or in 
the course of reconstruction were considered appropriate for burial.  By the early 7th 
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millennium BCE, it was the structures that were no longer viable for the living that were 
deemed suitable for the dead.  For the people of Pond 11, the relationship between the 
living, the dead, and architecture was an ancient and well-established element within their 
symbolic lexicon.  With Layer Ib, these forms and meanings appear to have changed, 
though the general system into which they fit stayed the same.  
The slow creep of socio-cultural change is again demonstrated by the 
reoccupation of the structure in Layer I.  Many Neolithic occupations are built atop 
earlier occupation layers; however the practice of building structures immediately atop 
the walls of their predecessors is not well documented from the southern Levant.  Yet, 
sampling reveals that the walls of the earlier structure survived into this later period, and 
were reincorporated into the new structure.  In this way, the Layer Ic-Ib-I occupation 
sequence bears a slight resemblance to the “lineage houses” (after Heinrich and Seidl 
1969) that are common in Anatolian sites such as such as Çatalhöyük and Aşikli Höyük.  
There are only a few examples of this form from the Levant, (e.g., Abu Hureyra and 
Bouqras), and most of these are in the northern Levant (Akkermans 1989; Akkermans 
and Schwartz 2003; Cutting 2005; Düring 2005, 2006; Kuijt et al. 2011; Moore 2000).  
The two settlement forms are not easily analogous, as the examples in the northern 
Levant and Anatolia are reconstructed with a frequency and intensity that is not matched 
in southern Levant sites.  Despite these differences, both forms have been used to suggest 
a creation of memory and lineage.  Goring-Morris and Belfer-Cohen describe this 
behavior in PPNB communities as “backward looking”; PPN peoples consciously or 
unconsciously sought out the past in order to create their present identities (2002:72).  
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Although being ‘backward looking’ is not at all unique to the Levantine Neolithic, the 
form of expression that it takes is particular.  I hypothesize that the construction of 
Structure 306 in Layer I is a Hula Basin PPNC variant on this PPNB tradition.  While it is 
true that opportunism may have guided choices that led to the rebuilding of the ancient 
structure, this opportunism would have been formulated within an already well-
established social system.  I propose that the choice of the Layer I people to reoccupy the 
ancient site hints at an active attempt to reconnect and to define themselves in 
relationship to their predecessors.   
The continuity of these beliefs would appear to contrast with changes in other 
aspects of life for the people of Pond 11.  Whereas burials within the structure were 
common during the deposition of Layer Ib, they were absent in Layer I.  In fact, the only 
Layer I burial thus far recovered (child burial 321) has been from outside (albeit near) the 
structure altogether.  Furthermore, faunal evidence suggests that the occupation 
transformed into a seasonal site at this time (Bocquentin, Khalaily et al. 2014).  Finally, 
the micromorphology implies that the Layer I period may come at the end of a significant 
decrease in settlement density and size.  The increase in reddish-brown clays between 
Layer I and Layer 0a suggest that there was a period of time (years, perhaps decades) 
between the end of the Layer I occupation and the start of the reoccupation during Layer 
0a. 
 For these upper layers, the occupation may have been seasonal (according to 
faunal records, Bocquentin, Khalaily et al. 2014), and burials were no longer a part of the 
‘life-cycle’ of the structures.  Preliminary analyses of other artifact assemblages do not 
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yet reveal any significant socio-cultural or technological change from Layer I into Layer 
0a.  Even ceramics, which are best represented in Layer 0a, are found in earlier layers 
(though these isolated sherds are extremely rare and may have been incorporated through 
bioturbation).  As with other PPNC sites, the archaeological assemblages through all of 
these layers indicate a blend of PPNB and early PN characteristics.  Although the people 
of Layer I were continuing a tradition that was many centuries old by reoccupying the 
ancient structure, they were slowly stripping away other socio-cultural characteristics that 
would connect them to the earlier period.  It is unclear if these PPNB values survived the 
following abandonment.  Though the poor preservation makes it impossible to interpret 
the remains clearly, there appears to be only a single element that connects the Layer 0a 
occupation to the earlier ruins – the patch of the ancient wall reused in the northwest 
corner of the new structure.  Even the orientation of the other walls differs (slightly) from 
their predecessors, which is the first instance in the entire occupational sequence that this 
is the case.   If this minimal ‘connective tissue’ is real, as opposed to being a result of 
preservation, than it implies that the sense of memory and identity creation that original 
structure had for the earlier peoples of Pond 11 did not strongly affect the people of Layer 
0a, or at least not in a way that was manifested in the archaeological record.  That Pond 
11 was eventually completely abandoned while other parts of Beisamoun (i.e., 
Beisamoun West) and the Hula (e.g., Tel Te’o) were occupied is perhaps the most 
significant sign that that place no longer resonated with the Neolithic peoples of the Hula. 
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7.5 – Placing Beisamoun Pond 11 into the wider Neolithic world  
 The transitions from the PPN into the PPNC and from the PPNC into the Early 
PN are poorly understood.  Early models defined the transition using terms such as 
“catastrophic”, “sudden”, and “collapse”, with explanations that include ecological 
degradation, regional environmental events, poor resource management, and societal 
collapse (Bar-Yosef and Bar-Yosef Mayer 2002; Hajar et al. 2010; Köhler-Rollefson 
1988; Nissen 1993; Rollefson 1996; Simmons 2007; Yasuda, et al. 2000).  These words 
suggest a speed and severity that makes sense when surveying an incomplete 
archaeological record, but do not accurately portray the day-to-day world of the people 
actually undergoing change.  For the people of Pond 11, changes were gradual and built 
upon choices that were organically derived from their everyday experiences, whether as 
natural permutation or as a response to social needs.     
 Relating Pond 11 to the greater Neolithic dataset presents some problems.  In this 
case, the archaeological record is itself one of the problems.  The great age of these 
PPNC sites and the fact that the sites were frequently later reoccupied have combined 
with environmental factors to destroy and degrade a large portion of the archaeological 
record.  From the artifacts that have been preserved, it is becoming increasingly clear that 
patterns in PPNC artifact assemblages are regionally specific, and artifact types thought 
to be secure chronological markers (e.g., ceramic) are in fact chronologically varied 
(Biton et al. 2014; Khalaily 2009; Nadel and Nadler 2011).  Radiocarbon dates are too 
few to tease out the true patterns, and correlating dates in some regions (the Hula Valley, 
for example) are traditionally problematic (Meadows 2005; van Zeist et al. 2009). 
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 A site such as Beisamoun Pond 11 is therefore an exceptional opportunity for 
archaeologists.  Beisamoun, as a whole, is one of the largest sites found that is attributed 
to this period (and the largest in the Hula).  Furthermore, the relevant strata at Pond 11 
were generally spared the destruction that befell the rest of the site during the modern 
drainage project, in spite of being very near the modern surface.  Though the top portion 
of the site was carved out during the construction of the fishpond, it was otherwise left 
alone.  Whereas these many factors have done irreparable damage to the later layers, the 
earliest layers have been surprisingly well preserved, meaning that the dates and data 
from them are in a relatively secure context.   
 The data from Beisamoun Pond 11, and the reconstruction I propose here, help 
connect our site to the larger picture of change in the 8th-7th millennium BCE Levant.  
During the MPPNB, greater Beisamoun was apparently a low-density hamlet, as 
exemplified by House 150 (Lechevallier 1978).  Portions of the site then transformed into 
a much more densely built site by at least the late 8th millennium BCE, according to the 
Pond 11 data.  This expansion recalls the expansion of LPPNB sites noted in the southern 
Levant, particularly the megasites to the east of the Jordan Valley (e.g., ‘Ain Ghazal).  
These settlements grew in complexity and density before being modified in the PPNC to 
fit new needs and values. Although Pond 11 is almost certainly not a megasite (it lacks 
the density and vertical growth), its apparent size is atypical among PPNC sites of the 
southern Levant.  As the Pond 11 site grew, the people within maintained their 
connection to their PPNB roots.  The cycles of rebuilding during the 7th millennium BCE 
constitute a cultural continuity, even as the details of daily life changed.  The Layer I 
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reoccupation demonstrates that these continued values changed at different rates, with 
concepts of landscape and house lineage surviving for centuries as other social practices 
changed more significantly.  It is at this point that the post-depositional processes have 
caused the most damage – artifact assemblages from these periods are greatly disturbed 
and dating has proven difficult.  The loss of data is quite unfortunate, as it limits our 
ability to determine the length of time between occupations and thus hypothesize about 
the reasons and factors behind the changes at the site. 
 Though my reconstruction of Pond 11 does not currently help establish why site 
organization changed when it did, it does help demonstrate that the initial changes were 
gradual and natural developments of earlier practices.  Rainfall and temperature levels 
gradually increased during the period of Layer Ib and Ic, but did not change significantly, 
implying a consistency of climate that would have been conducive to the people of Pond 
11 (Bar-Matthews et al. 1999; Emeis et al. 2000; Gvirtzman and Weider 2001; Meadows 
2005; Robinson et al. 2006).  The regularity of the proxy records suggests that the end of 
the Layer Ic occupation, and the changes during the semi-abandonment of Layer Ib, were 
not related to overarching environmental fluctuations, such as the 8.2 kya event, which 
likely did not start until the Layer 0a occupation (see Figures 3.04, 3.05, and 3.06).  The 
Hula pollen records show a sharp increase and subsequent decrease in arboreal pollen 
during this period, matched by a sharp increase in grasses (van Zeist et al. 2009, see 
Figure 3.07).  Radiocarbon dating does not allow a high-resolution examination of this 
assemblage, however, it is tempting to suggest that the decreased tree coverage may have 
increased weathering of adobe and stimulated runoff of the resulting sediments.  
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Unfortunately, this hypothesis cannot currently be tested.  Immediately after the end of 
the Layer Ib period there are more significant shifts in the proxy records, but the lack of 
dates from Layer I and 0a makes it currently impossible to determine the relative timing 
of these events at Pond 11.  The changes in behavior were already beginning before any 
significant changes in the environment, though increased wetness and decreased tree 
coverage likely exacerbated erosion, weathering, and sedimentation. 
 The reconstruction supports the contention that the PPNC was at its heart a social 
change; though it cannot hint at whether social breakdown (e.g., Kuijt 2000; Simmons 
2007; Verhoeven 2002), external conflict or health issues (e.g., Goring-Morris 2010; 
Berger and Guilaine 2009; Clare 2010; Weninger et al. 2009), or preventative risk 
management (e.g., Banning 2001) was at the root.  In truth, the results from Beisamoun 
Pond 11 highlight an issue that is relevant to all models and reconstructions of the PPNC 
– the issue of time in the archaeological record.  The end of the PPNB appears sudden 
when compared against the long archaeological sequence of the Levant.  The PPNC and 
the start of the PN were similarly abrupt.  However, what appears abrupt in the 
archaeological record still took years to occur.  To the people of Pond 11, these changes 
were gradual and built upon choices that were derived from their everyday experiences.  
For example, the micromorphology of Layer Ic reveals that in only a few cm there were 
cycles of living and reuse that likely lasted for years.  Erosion and truncation may have 
further erased whole phases of occupation that would act to smooth out adaptations.  The 
sociocultural systems of the Beisamoun occupants changed gradually and in a piecemeal 
fashion; I believe it to be unlikely that any of the 7th millennium BCE inhabitants 
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recognized their worldview as different from that of their ancestors.  The MPPNB 
occupation was centuries old by the time of PPNC Pond 11, oral histories and traditions 
had almost certainly changed (Bradley 2002).  The large and dense occupations were no 
longer ideal and people spread out into a more spacious configuration.  As the site 
organization changed, so to did the symbolic and mundane practices of the people, 
though different practices changed at different rates.  These practices changed more 
quickly than the emotional connection between the people of the Hula and the preceding 
generations.  These connections slowly diminished over the course of following 
generations.  I therefore agree with authors who apply a longue durée perspective to the 
Neolithic (e.g., Belfer-Cohen and Goring-Morris 2011).  The abrupt transition registered 
in the archaeological record was likely no more than normal variation in the daily lives of 
the inhabitants.   
 The fact that Pond 11 appears to have a unique archaeological assemblage and 
organization (e.g., large size, rebuilding of past structures, and cremation burials) poses a 
challenge to our understanding of its place in the wider PPNC.  Is Beisamoun Pond 11 an 
atypical PPNC site, or does it only appear to be so in the face of such a large knowledge 
gap?  The unusually large number of PPNC sites within the Hula, and the presence of 
cremations (with the only known parallel found later in the northern Levant) could 
suggest that the Hula Neolithic community was a unique entity during the early 7th 
millennium BCE.  Again, the truth is that the lack of comparable data makes it 
impossible to know for certain. 
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7.6 – Conclusion 
 In the above chapter, I have used the conclusions from the micromorphological 
data to  corroborate and expand the current reconstruction of Beisamoun Pond 11.  Thus, 
the micromorphology has provided details, coloring in the picture that was first drawn 
during the excavation.  The micromorphological data have supported interpretations 
about the location of the original Pond 11 site, the cycles of reuse and abandonment at 
Pond 11, the extent of growth and shrinkage during the earlier period, and the variable 
preservation expected in different strata.  These interpretations have led to hypotheses 
about the changing values of the Neolithic peoples of Pond 11, and to further hypotheses 
concerning the nature of the PPNC in the wider Levant.  Although the majority of the 
artifact assemblages are still being processed and analyzed, I have been able to use the 
micromorphological record to suggest that the people of Pond 11 were slowly changing 
the way they interacted with their built environment.  The PPNB values of lineage 
building and of anchoring one’s place into the landscape were gradually dissolving into a 
PN mindset.  The micromorphological remains of Beisamoun Pond 11 therefore offer a 
rare glimpse into the PPNC worldview, and support calls to view the PPNC as a distinct 
period that acted as natural bridge between PPN to PN behaviors, rather than a sudden 
shift in practice.  
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Chapter 8: Conclusion 
 
8.1 – Introduction 
 In this dissertation, I describe the process, results, and implications of a 
micromorphological study performed at Beisamoun Pond 11.  These results are used to 
support a narrative of change and continuity during the 8th to 7th millennium BCE, and 
help create a picture use, reuse, and abandonment that spread across many centuries.  
These results also demonstrate the degree to which bioturbation and the surrounding 
environment have damaged the contexts of the archaeological remains.  Other project 
members may find this framework valuable during their ongoing analyses of the artifact 
assemblages. 
 At the outset of this dissertation, I state that my broad goal is to help clarify the 
relationship between the Early Neolithic and Late Neolithic communities of the southern 
Levant.   Traditional divisions of the Neolithic have a significant break between the 
socio-cultural entities of the 10th to 8th millennia BCE and those of the 7th to 5th millennia 
BCE, but the mechanisms and nuances of this ‘break’ are a matter of debate.  The 
problematic nature of this division derives both from a true lack of recovered data as well 
as a traditional definition for the Neolithic that preferences one type of development (e.g., 
early agriculture) over others (Cauvin 2000; Finlayson and Warren 2010; Simmons 2007; 
Watkins 2000).  Beisamoun Pond 11 offers a unique opportunity to add to this knowledge 
gap. 
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 In this concluding chapter, I briefly recap how the micromorphological data and 
resulting inferences helps expand our reconstruction of Beisamoun Pond 11.  Through 
this reconstruction, I am able to address the issue of ‘change and continuity’ at a PPNC 
site, which adds important data into the ongoing discussion of the 8th to 7th millennium 
BCE.  After this summary I propose three ways in which future research may build off of 
my work, and conclude by explaining the significance of my research to the wider study 
of Neolithic archaeology and micromorphology. 
 
8.2 – Reconstructing Pond 11 
In Chapters 4 and 5, I posed several questions (and their microstratigraphic 
corollaries) designed to address the ‘problem’ of the PPNC at Beisamoun Pond 11.  
These questions are answered by the micromorphology, and together combine to create 
the reconstructions presented in Chapter 8.  Each of these answers is presented briefly 
below. 
 
8.2.1 – What are the sedimentary inputs or pedogenic processes that contributed to 
the current Pond 11 stratigraphy? 
The Pond 11 excavations are ongoing, and thus we do not yet know what the final 
sterile layer will be.  That said, Trenches 1, 2, and 3 indicate that the base layer is black-
grey clay (Figures 4.08 and 4.09).  The base of Trench 6 and Sector F have both been 
determined to be dark brown clayey paleosol with low micrite content (Figures 6.17 and 
6.27), and are thought to be equivalent to this basal layer from Trenches 1, 2, and 3.  The 
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low micrite is an indication that this layer was an organic or peaty paleosol (compared 
against the dominant micrite of the wetland control samples – Figure 6.03).  This layer is 
thought to be equivalent to the peaty clay surrounding MPPNB Structure 150 
(Lechevallier 1978) and the blocky dark clay matrix with PPNB artifacts of Beisamoun 
West Layer IIIC (Khalaily et al. 2015).  The implication is that the earliest known 
settlements of greater Beisamoun occurred on an organic soil derived from wetland 
sediment.  The Pond 11 locale may also have had an M/LPPNB occupation at this time 
(as indicated by burial 276 – Figure 4.21).   
The landscape around Pond 11 was stable for a time, and a vertic paleosol formed 
(Figure 6.26). Human activity and/or natural processes eroded and truncated this layer 
before the building of the major Pond 11 structures.  The construction at Pond 11 was 
primarily of stone and adobe, which made use of ashes and calcareous sediments as 
ingredient.  As rebuilding events and degradation occurred, the surrounding substrate 
became a mixture of homogenized degraded adobe and microartifacts (Figures 6.30, 6.31, 
6.32, and 6.33).  More and more degraded adobe mixed into the surrounding sediment as 
buildings collapsed or were abandoned.  These collapses (which I hypothesize were also 
occurring in structure outside of our current excavation area) created an extensive deposit 
of anthropogenic silty-clay and silty-clay loam.  By the mid-7th millennium BCE 
(equivalent to E: Layer I), degraded adobe was no longer the major source of new 
sediment – there is an increase in clays that are likely a combination of wind-blown clay 
particles, organic topsoil development, and reddish-brown clays from the Naftali slopes.  
These reddish-brown clays became more dominant by the final phase of occupation in 
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Sector E (Layer 0a) (Figure 6.47). Vertic development is clearly noted (E: Layer 0*), 
indicating stability at the end of the occupation sequence.  
 
8.2.2 – Do the strata from the sectors and trenches suggest a relationship to each 
other? 
When Trenches 4, 5, 6, and 7 were first excavated, the excavation team saw few 
obvious archaeological features.  My analysis demonstrates that this initial view was 
incorrect; the trenches actually reveal an exciting detail about the Pond 11 occupation – 
the early, adobe-focused occupations must have been larger and denser than we originally 
thought.  This interpretation is based on the observation that Trenches 1, 2, 3, 5, 6 and 7 
all share a similar deposit of yellowish-brown silty-clay and silty-clay loam that is rich 
with ashes, degraded adobe, charcoal, coprolites, and other microartifacts (Figures 6.07, 
6.14, and 6.18).  The extensive layer is equivalent to the homogenized adobe-derived 
sediment of E: Layer Ic and Ib and F: C and B/B1.  It is impossible to accurately judge 
the size and density of an occupation that left such a stratum – the unknown variables 
(e.g., size of structure, amount of adobe used, frequency of rebuilding episodes) are too 
numerous.  It is still reasonable to say that a large and dense adobe-based occupation 
surrounded the Pond 11 area. 
The similarity of this unit stands in contrast to the dissimilarity between other 
units of the trenches and the sectors.  For example, above the deposit in Sector E, Trench 
7, and Trench 6 are archaeological strata, but no such stratum is found above Tr. 5: Unit 
2.  The implication is that the Pond 11 site decreased in size and density (and perhaps 
	   330	  
shifted away from using adobe so dominantly) at some point.  This decrease of size may 
have been contemporaneous with Layer Ib. 
 
8.2.3 – Are the data being recovered from within the sectors in good preservation 
context? / What were the post-depositional processes at the Pond 11 site? 
The micromorphological data reveal that bioturbation and cementation both 
strongly affected the sediments of Pond 11 (Figure 6.19, 6.43, and 6.44).  The wetting 
and drying appear to have been low-energy, most likely relating to rain, runoff, and 
pooling, as opposed to flooding from the lake or wetlands (though it is not impossible 
that flooding occurred at some point in the intervening millennia).  The movement of 
water resulted in the degradation of adobe and the cementation of the sediments. The 
cementation has had both a positive and negative affect on the preservation of the site.  
On the one hand, it slightly protects the organization of materials within a deposit, 
helping to preserve contextual relationships.  On the other hand, the cementation may 
also fracture and displace smaller artifacts (Figure 6.43) and mask other artifacts from the 
excavators.  Furthermore, it is likely that the alkaline sediment contributed to the dearth 
of charcoal noted at the site, particularly in the upper layers. 
The most troublesome post-depositional process from the point of view of context 
is bioturbation.  Field observations were sufficient to know that small roots and animals 
have disturbed areas of the site (Figures 6.19 and 6.35).  It is only at the microscopic 
level, however, that the full extent of the bioturbation may be seen.  Traces for roots, 
insects, and worm activity are noted in all layers except for Sector F: C (which is almost 
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certainly due to the lack of more samples from this layer).  Not all layers have been 
affected equally, however.  Sector E: Layer Ic has been affected by roots and insects, but 
to a lesser degree than E: Layer Ib and E: Layer I.  The proposed quick burial of Layer Ic 
below wall collapse protected it slightly from surface processes.  For E: Layer 0a and 
Layer I, this bioturbation has been particularly pronounced.  These layers were never 
buried to the depth that the earlier strata were, thus keeping them near the surface for 
millennia.  Unfortunately, as the excavation continues, bioturbation agents are 
increasingly affecting the deeper strata.   
What does this mean for the context of the finds?  For the upper layers, 
unfortunately, extreme care must be taken.  The vertic characteristics (seasonal shrinking 
and swelling) and earthworm activity means that smaller artifacts may travel several cm 
vertically, while root and burrowing rodents may move small artifacts both horizontally 
and vertically.  Although E: Layer Ib is an accumulation of degraded materials, the 
cementation of the deposit suggests that artifacts within Layer Ib are likely in in 
stratigraphically good context (in the limited sense that they likely all originate from 
within Layer Ib).  E: Layer Ic displays the least amount of disturbance.  A combination of 
cementation and being buried quickly means that smaller artifacts within Layer Ic are 
likely in relatively secure context, although caution is still required.  For all layers, larger 
features and artifacts are less likely to be significantly disturbed by insect, although roots, 
rodent, and earthworm activity may result in the vertical and horizontal movement of 
gravel to cobble sized artifacts (Figure 7.02 and Tables 7.1 and 7.2). 
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8.3 – A narrative of use, reuse, and change 
The determination of the site-formation and post-depositional processes at Pond 
11 lead to a reconstruction of the pattern of occupations, abandonments, and collapse 
periods of Sector E (see Figure 7.05 and Table 7.2).  The original landscape of Pond 11 
was organic clay soil that may have supported a M/LPPNB occupation.  It is thought that 
at this time, the greater Beisamoun site was a loose collection of farmsteads spread across 
the western side of the wetlands.  At some point in the late 8th millennium a denser 
occupation formed around the Pond 11 area.  This occupation is contemporaneous with 
Structure 354 of Layer Ic.  This dense occupation was built primarily of locally made 
adobe.   Within Sector E, the main structure was rebuilt several times before being left to 
collapse.  The initial collapse was relatively quick, after which there followed a long 
period (perhaps more than a century) of relative neglect, during which more adobe 
collapsed, degraded, and became homogenized into the surrounding matrix.   
Other areas of the occupation continued to be used during this period of neglect 
and collapse, although the large extent of degraded adobe sediment may suggest that a 
major portion of the site was also being neglected.  Structure 354 was not rebuilt at this 
time, but it was used for special activities, such as burials.  Although the use of the 
structure for burials evokes the millennia old association between burials and buildings, 
the new forms of burials (i.e., cremations) indicate significant changes in social 
expression (Figure 6.40).  After a time, the site was retuned to and the structure was 
rebuilt directly atop the older walls, a form of reconstruction that is more typical of the 
PPNB, and of the northern Levant, than of the PPNC and Early PN of the southern 
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Levant.  A period of abandonment follows, and then after a long time (radiocarbon dates 
are unavailable, but it was long enough for the surrounding matrix to become 
significantly more clayey), the site is reoccupied.  The new construction makes use of a 
small portion of survival wall, but follows a different orientation, and may be a seasonal 
encampment.  Burials are not found in this stratum.   
 
8.4 - The implications of the reconstruction 
What does this reconstruction mean for change and continuity in a southern 
Levantine PPNC site?  First, it indicates a LPPNB or early PPNC growth in site density 
towards the end of the 8th millennium BCE.  This growth has not yet been found 
elsewhere in greater Beisamoun, so it is possible that the Pond 11 area was the ‘center’ of 
town during this period, though further excavation is required to support this suggestion.  
The movement towards a larger and denser site is reminiscent of the growth of sites 
during the LPPNB (e.g., Gebel 2006; Goring-Morris et al. 2009; Rollefson and Kafafi 
2007; Simmons 2007). 
Second, the reconstruction highlights a complex alignment of social changes 
occurring at the same time as Structure 354 was collapsing.  These changes include the 
earliest known evidence for Neolithic cremation in the Levant.  As this was occurring, the 
site as a whole may have been decreasing in size and density.  Yet these changes are 
taking place while other aspects of Neolithic life (e.g., technology and the selection of 
burial locations) appear to stay the same.  The return to the site in Layer I marks the 
continuation of another PPNB behavior, the reconstruction of older structures.  The 
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micromorphology confirms the field hypothesis that the ancient walls were themselves 
being reincorporated into the new building (Figure 6.36).  All people engage with their 
past (real and imagined), but this precise method of social memory creation and 
anchoring of identity into a place was particular to the Neolithic, and appears to have 
continued into the PPNC (Goring-Morris and Belfer-Cohen 2002; Kuijt 2000; Van Dyke 
and Alcock 2003; Watkins 2004).  Again, this continuity comes with signs of change – 
burials are nearly absent, and the site may have become a seasonal occupation.  
Expressions of these types PPNB social practices are almost wholly absent in the 
following, a final, Layer 0a.  The nexus of continuities and discontinuities during this 
period suggests that the people of Beisamoun Pond 11 were actively engaging with their 
past as they were developing new modes of social expression, and that this connection 
either ended by the Layer 0a phase, or took on a form that is not apparent from the 
archaeological record. 
A comparison between the timing of these changes (Table 4.5 and 7.2) and 
paleoenvironmental data (Figures 3.04, 3.05, 3.06, and 3.07) demonstrates that the 
adoption of change occurred prior to the environmental changes of the middle and early 
7th millennium BCE.  The implication is that these initial changes are not reflective of 
environmental pressures.  It is possible, however, that environmental factors did affect 
the communities of the Layer 0a phase, as noted by the region-wide temperature and 
rainfall changes at this time (Figures 3.04 and 3.05).  More radiocarbon dates are needed 
to help confirm or deny this possibility. 
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Finally, this reconstruction highlights the inherent uncertainty of interpreting 
prehistory.  Do these changes in social expression signify changes in socio-cultural 
values and belief systems?  Does PPNC Pond 11 indicate a break with the PPNB 
worldview?  We can only guess based on the (poorly preserved) archaeological record.  It 
seems unlikely that mortuary practices would develop a whole new form without a 
correspondingly substantial change in worldview.  At the same time, the use of rebuilding 
and reoccupation of space suggests community continuity.  In the end, we return to the 
problem identified by Clive Gamble: “we think we known change when we see it” 
(2007:25).  Several aspects of Neolithic behavior change between the late 8th to the early 
7th millennium BCE.   These may seem important to us, and indicative of a drastic change 
in social organization and worldview, but it does not mean that they were important to the 
people experiencing this change.  It is unlikely that the people of PPNC Pond 11 thought 
of themselves as different from their predecessors; the efforts to physically reinhabit the 
spaces of their ancestors would seem to indicate conscious attempts to reinvest in their 
communal past.  Even when introducing new practices into their symbolic lives, the 
people of Pond 11 did so in a way that commemorated or continued long-standing 
practices.  The inherent variation of the Neolithic is only linear and directional when 
viewed from afar (Goring-Morris and Belfer-Cohen 2011). 
 
8.5 – Directions for future research 
 The methodologies and results of my dissertation are the end product of an 
attempt to build from earlier research and add new insights into the developing discussion 
	   336	  
of the PPNC, the wider Neolithic, and the role of microstratigaphic methodologies in 
archaeology.  It is my hope that my research will lead to more questions that need 
answering, and encourage new research to continue these discussions.  I envision three 
main ways in which future projects may build off of my results:  through testing my 
results, through developing a more comprehensive picture of Neolithic material choices, 
and through new research into the role of post-depositional and site-formation processes. 
The conclusions and inferences presented above provide important insights into 
the activities and social world of a south Levantine community in the late 8th to early 7th 
millennium BCE.  However, these conclusions are necessarily preliminary.  Excavation is 
still ongoing and artifact analyses are not yet completed.  As more data are published, my 
conclusions will be able to be tested and refined.  Through future coring or test pits, we 
may be able to confirm the extent and precise nature of the underlying marsh paleosol, 
allowing for a better reconstruction of the original Pond 11 landscape.  A large question 
remains whether the main structures of Pond 11 were built atop the wetland paleosol 
layer, which might suggest continuation from the M/LPPNB, or whether a later paleosol 
developed and was simply truncated by the subsequent PPNC occupation.  Similarly, 
future excavation in below Layer Ic will help us understand precisely how and when the 
degradation of adobe began to substantially blend into the surrounding sediments, which 
will help us refine our reconstruction of use and abandonment.  Future coring around 
Trench 5 and 6 will enable us to determine the extent of the degraded adobe unit, and 
potentially expose new structures and archaeological layers.  In this way, we will be able 
to test my assertion that the early phase of Pond 11 was a large, densely built site. 
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A large portion of my discussion centers on Neolithic adobe and plaster.  Plaster 
has been studied for several decades now, and is frequently discussed in the literature 
(Goren and Goldberg 1991; Goren and Goring-Morris 2008; Gourdin and Kingery 1975; 
Kingery et al. 1988).  In contrast, adobe (or brick/pisé) has been frequently overlooked as 
a focus of study (Goldberg 1979; Love 2012, 2013).  This lack of attention is surprising 
when one considers how ubiquitous these earthen materials are at Neolithic sites, and 
how much of the ‘growth’ of a site may be related to the degradation of earthen 
construction materials (Love 2013).  There is significant room for further research into 
the technology and materiality of these materials.  Although the upper layers of Pond 11 
are not well enough preserved to compare differences in these construction materials 
laterally across a stratigraphic context, the deeper and better-preserved strata may afford 
us this ability.  
An even larger portion of my discussion relates to the degradation of adobe.  The 
study of adobe degradation in the Levant is only slightly more developed than the study 
of adobe construction (e.g., Freisem et al. 2011; Rosen 1986).  Once again, it is surprising 
that this area is understudied, given how important degraded adobe (and brick/pisé) is to 
the archaeological landscapes of Southwest Asia (e.g., tell formation).  The Neolithic of 
the Levant was the first time in the world that degraded earthen construction materials 
began to significantly accumulate and change the natural landscapes.  The role of this 
accumulated material on the built environment deserves more study.   
Finally, there is still much that we do not yet understand about the role of post-
depositional processes on the preservation and decay of archaeological materials.  All 
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archaeologists recognize the importance of context to archaeological recovery and 
interpretation.  Fewer archaeologists recognize the full degree to which these contexts 
may be affected by post-depositional processes, and the way in which microstratigraphic 
studies can help elucidate these different processes (Goldberg and Berna 2010).  The 
results from Pond 11 touch on several issues that may prove to be fertile avenues of 
future study; for example, the role that calcite impregnation plays in the fracturing and 
masking of artifacts and charcoal.  
 
8.5 – The significance of the work 
In this dissertation I have used the micromorphological results from Beisamoun 
Pond 11 to support a reconstruction of use, reuse, collapse, reconstruction, and 
degradation at the PPNC occupation of Beisamoun Pond 11.  Very few PPNC sites are 
known, and as a result, the PPNC is not well understood.  Therefore our data and 
interpretations will be of great value to the wider archaeological community.   
In order to approach the ‘problem’ of the PPNC, I concentrated my research onto 
three main themes.  1) I use micromorphology to develop our current reconstruction of 
the Pond 11 occupation, focusing on the use of adobe, periods of semi-abandonment and 
full abandonment, and the reuse of ancient structures.  2) I discuss the different 
depositional and post-depositional processes that have had a significant effect on the 
preservation of the Pond 11 site.  These results highlight the fact that adobe degradation 
played a major role in creating the Pond 11 site, and that post-depositional issues have 
promoted erosion and disturbances that will have strongly affected the archaeological 
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record.  3) I provide an argument for the continuation of PPNB social behaviors (e.g., 
rebuilding of older structures and burials within structures) while other social behaviors 
(e.g., burial forms) change.   
My research adds much needed data to the ongoing discussion of the PPNC, and 
its relationship to the preceding PPNB and subsequent PN.  My work also adds data that 
are of value to studies of the construction and degradation of Neolithic building materials.  
Finally, my dissertation offers further example of the utility and value of 
micromorphological analysis to archaeological research.  Micromorphological analysis 
allows researchers to study an artifact assemblage that is too often wholly overlooked: the 
soils and sediments of an archaeological site.  This research project was designed to be 
performed concurrent with an active excavation – the sampling strategy was flexible so 
that it could adapt to in-field observations and developing interpretations, and my 
preliminary results have been shared every season with other members of the team, so 
that they may utilize my findings in their interpretations.  In this way, I intend to provide 
an example of how micromorphological analysis may be a ‘team player’ in the wide array 
of analyses, studies, and interpretations that go into understanding an archaeological site 
(Macphail and Cruise 2001).  As I state in the beginning, this dissertation is about soil, 
sediment, and change, and I have demonstrated how these issues intersect in the 
preceding chapters.   I hope that I have shown through this dissertation how soils and 
sediments – all too often overlooked as sources of information – may afford 
archaeologists novel ways to approach the study of social change and social stability in 
prehistory.  
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Appendices 
 
Introduction 
My micromorphological analysis resulted in a large body of data; these data are 
presented below.  As discussed in Chapter 5 (Figure 5.05), an initial step of my thin 
section analysis was to determine the different units within a single thin section.  The first 
divisions were based on microstructure, but as I built up a better understanding of the 
dataset, I combined or further divided these fabric units based upon the results of my 
analysis.  This process of combining and dividing apparent units occurred several times, 
as more and more comparative samples were analyzed.  These microfabric units formed 
the basis for my site-wide comparisons, and are presented below. 
The data is presented in a shorthand form, so that they may be more easily 
references while reading the text.  In order to facilitate ease of use as a reference, the 
entries in each grouping are listed in alphanumeric order.   Appendix A contains the 
control samples and the external trenches.  Appendix B contains the Pond 11 samples.  
The qualifying terms are defined in Table A.1.
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Size of materials in µm 
 (1 µm = 0.001 mm) 
Abundance of selected material  
(% of area of fabric unit) 
Fine Gravel 
(FG) 
> 2000 
(> 2 mm) 
Very Few < 5 
Very Coarse Sand 
(VCS) 
1000 – 2000 
(1 – 2 mm) 
Coarse Sand 
(CS) 
500 – 1000 
(0.5 – 1 mm) Few 5 – 15 
Medium Sand 
(MS) 200 – 500 
Common 
(Com.) 15 – 30 
Fine Sand 
(FS) 100 – 200 
Frequent 
(Fre.) 30 – 50 
Very Fine Sand 
(VFS) 50 – 100 
Dominant 
(Dom.) 50 – 70 
Silt 2 – 50 
Very Dominant 
(V. Dom.) > 70 
Clay < 2 
Table A.1 – Key to qualifying terms and sizes use in the Appendices 
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Appendix A – Control samples and Exterior Trenches 
Control samples 
 
Sample:  BN10-09     Catalogue Number: N/A 
 
Context:  Vertic soil forming on basaltic slope  Slide Size: 27x46 mm   
33° 12' 58.48'' N, 35° 39' 47.57'' E   Make: Spectrum Petrographic 
~172 m asl 
Pedality: Massive primary blocky peds with crumbs  Microstructure: Massive / Blocky 
Porosity: Moderately Separated Planar   Sorting: Poor / Unsorted 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common quartz 
Sand  Frequent subangular blocky VFS quartz; Very few igneous minerals and basalt 
Gravel:  Few basalt 
Organic: Common bone and shell fragments; few eggshell fragments, very few 
phytoliths; coprolite fragment. 
Anth:   None 
 
Micromass:       RD: Porphyric 
Color:  Reddish-brown (5YR 5/4)    
b-Fabric: Granostriated 
Post-dep/Pedofeature: Common Fe-Mn nodules. Few brownish-red clay coatings. 
Bioturbation:  Very few modern Roots 
Notes:   Basaltic vertisol. 
 
 
 
Sample:  BN10-10     Catalogue Number: N/A 
 
Context:  Topsoil forming on dolostone slope   Slide Size: 51x76 mm   
33° 05' 36.63'' N, 35° 34' 26.82'' E   Make: Spectrum Petrographic 
~101 m asl 
Pedality: Blocky primary peds and crumbly secondary peds Microstructure: Angular blocky 
Porosity: Complex packing, planar, intrapedal vughs  Sorting: Unsorted 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, few quarts 
Sand  Common VFS calcite; few VFS quartz, few FS quart 
Gravel:  Common weathered limestone and dolomite 
Organic: Very few weathered bone fragments, tree nut shell 
Anth:  None 
 
Micromass:       RD: Porphyric 
Color:  Reddish-yellow (7.5YR 6/6)    
b-Fabric: Undifferentiated / Calcitic crystallic 
Post-dep,/Pedofeature: Common Fe-Mn nodules. Few brownish-red clay coatings. 
Bioturbation:  Fresh dung, fresh roots 
Notes:   Colluvium of terra rossa from the slope. 
  343 
 
Sample:  BN10-16     Catalogue Number: N/A 
 
Context:  Vertic soil near agriculture on a flood plane  Slide Size: 51x76 mm  
33° 06' 41.42'' N,  35° 38' 39.37'' E   Make: Spectrum Petrographic 
~70.00 m asl 
Pedality: Blocky primary peds; Massive secondary peds Microstructure: Blocky / platy 
Porosity: Planar voids     Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common quartz 
Sand  Dominant VFS quartz; Common FS limestone; Very few igneous minerals  
Gravel:  Few chert, few basalt 
Organic: Very few shell fragments  
Anth:   None 
 
Micromass:       RD: Porphyric 
Color:  Isotropic Dark grey (7.5YR 3/1); Strong brown (7.5YR 5/6)   
b-Fabric: Grano- and porostriated  
Post-dep,/Pedofeature:  Common carbonate nodules, Few Fe-Mn nodules  
Bioturbation:  Very few modern roots and dung 
Notes:   Upper most horizon of a vertic soil with aeolian quartz sand. 
 
 
 
 
 
Sample:  BN10-17     Catalogue Number: N/A 
 
Context:  Soil formed on paleo-lake deposit   Slide Size: 27x46 mm  
33° 02' 40.26'' N, 35° 37' 50.36'' E   Make: Spectrum Petrographic 
~65.00 m asl 
Pedality: Subangular / rounded blocky granular  Microstructure: Crumbly 
Porosity: Complex packing, intrapedal vughs   Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite; Few quartz 
Sand  Dominant VFS calcite; few quartz; very few igneous minerals 
Gravel:  Very few basalt and limestone 
Organic: Few shell fragments, phytoliths and algae, very few eggshell fragments 
Anth:   None 
 
Micromass:       RD: Porphyric 
Color:  Light gray, very pale brown (10YR 7/1; 10YR 7/2)   
b-Fabric: Calcitic-crystallic 
Post-dep,/Pedofeature:  Few Fe-Mn nodules 
Bioturbation:  Very few modern roots  
Notes:   Lake derived marls and detrital calcite, deposited as sand, possibly by waves.
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Sample:  BN10-18     Catalogue Number: N/A 
 
Context:  Marsh deposit in reconstructed Hula wetland Slide Size: 27x46 mm  
33° 05' 47.25'' N, 35° 36' 45.31'' E   Make: Spectrum Petrographic 
~61.00 m asl 
Pedality: Massive      Microstructure: Massive 
Porosity: Fissures, channels, and vesicles   Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite; very few quartz 
Sand  Dominant VFS calcite; very few quartz 
Gravel:  Rounded limestone 
Organic: Common shell fragments, very few bone fragments; Dominant phytoliths,  
  common algae 
Anth:   None 
 
Micromass:       RD: Porphyric 
Color:  Light gray (10YR 7/1); very pale brown (10YR 7/3)   
b-Fabric: Calcitic-crystallic 
Post-dep,/Pedofeature:  Few Fe-Mn nodules 
Bioturbation:  Very few modern roots  
Notes:   Lake derived carbonatic sediment, with some peat and clay. 
 
 
 
 
 
Sample:  BN10-19     Catalogue Number: N/A 
 
Context:  Agricultural soil formed on paleo-lake deposit Slide Size: 27x46 mm  
33° 05' 35.45'' N, 35° 34' 56.10'' E   Make: Spectrum Petrographic 
~68.00 m asl 
Pedality: Angular blocky primary, rounded secondary peds Microstructure: Blocky 
Porosity: Planar, channel, vughs    Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite; few quartz 
Sand  Dominant VFS calcite; common quartz 
Gravel:  Rounded limestone, dolomite, very few basalt 
Organic: Common shell fragments and full shells, very few bone fragments; few 
phytoliths, few algae, few diatom 
Anth:   Few chert flakes 
 
Micromass:       RD: Porphyric 
Color:  Pinkish-gray (7.5YR 7/2)   
b-Fabric: Undifferentiated / calcitic-crystallic 
Post-dep,/Pedofeature:  Few Fe-Mn nodules, few crusts and hypocoatings 
Bioturbation:  Few modern roots  
Notes:   Colluvium of lake and wetland deposit
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Sample:  BN10-21     Catalogue Number: N/A 
 
Context:  Sediment from a Jordan River channel  Slide Size: 51x76 mm 
33° 05' 31.97'' N, 35° 35' 22.05'' E   Make: Spectrum Petrographic 
~63.00 m asl 
Pedality: Massive      Microstructure: Massive 
Porosity: Vughs and vesicles, a few fissures   Sorting: Unsorted 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Very dominant calcite 
Sand  Very dominant VFS calcite; very few VFS quartz 
Gravel:  Rounded limestone 
Organic: Common shell fragments and full shells, frequent phytoliths, common algae, 
few diatom 
Anth:   None 
 
Micromass:       RD: Porphyric 
Color:  Light-gray (10YR 7/1)   
b-Fabric: Undifferentiated / calcitic-crystallic 
Post-dep,/Pedofeature:  Few Fe-Mn nodules, few brown clay infilling 
Bioturbation:  Common modern plant material  
Notes:   Micritic river sediment 
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Trench 4 and Trench 5 
 
Sample:  T4-B02.i     Catalogue Number: 50010 
 
Context:  Tr.4: B      Slide Size: 51x76 mm 
Tr. 4: Unit 3     Make: Spectrum Petrographics 
77.81 – 77.68 m asl 
Pedality: Irregular subangular to platy blocks and crumbs Microstructure: Blocky 
Porosity: Planar, fissures, packing    Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, few quartz 
Sand  Few VFS calcite, very few VFS quartz, common FS-CS marl grains 
Gravel:  Limestone and basalt 
Organic: Very few shell fragments, common phytoliths 
Anth:  None 
 
Micromass:       RD: Porphyric 
Color:  Yellowish-brown (10YR 5/6); Reddish yellow (7.5YR 6/6) 
b-Fabric: Grano- and porostriated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common hypocoatings 
Bioturbation: Few vegetal matter 
Notes:   Small fragments of marl 
 
 
 
 
 
Sample:  T4-B02.ii     Catalogue Number: 50010 
 
Context:  Tr.4: B      Slide Size: 51x76 mm 
Tr. 4: Unit 2     Make: Spectrum Petrographics 
77.81 – 77.68 m asl 
Pedality: Developed blocky structure   Microstructure: Blocky 
Porosity: Planars, fissures voids    Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Few calcite, few quartz 
Sand  Few VFS calcite, common VFS quartz 
Gravel:  Limestone and basalt, clasts of terra rossa soil 
Organic: Very few shell fragments, common phytoliths 
Anth:  None 
 
Micromass:       RD: Porphyric 
Color:  Yellowish-brown (10YR 5/6); Reddish yellow (7.5YR 6/6) 
b-Fabric: Grano- and porostriated 
Post-dep,/Pedofeature:  Common Fe-Mn nodules, few red clay coatings 
Bioturbation: None 
Notes:   Colluvium of terra rossa 
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Sample:  T4-B05A     Catalogue Number: 50013 
 
Context:  Tr.4: C      Slide Size: 27x46 mm 
Tr. 4: Unit 1     Make: Spectrum Petrographics 
76.75 – 76.65 m asl 
Pedality: Developed blocky structure   Microstructure: Crumbly 
Porosity: Planars, fissures     Sorting: Unsorted 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, few quartz 
Sand  Common VFS calcite, Few VFS quartz 
Gravel:  None 
Organic: None 
Anth:  Dominant chert flakes, very few basalt flakes 
 
Micromass:       RD: Porphyric 
Color:  Yellowish-brown (10YR 5/6); Reddish yellow (7.5YR 6/6) 
b-Fabric: Grano- and porostriated / Calcitic crystallic 
Post-dep,/Pedofeature:  Frequent hypocoatings 
Bioturbation: None 
Notes:   Lithics in carbonatic matrix. 
 
 
 
 
 
Sample:  T5-B03A     Catalogue Number: 50110 
 
Context:  Tr. 5: B / C     Slide Size: 51x76 mm 
Tr. 5: Unit 2     Make: Spectrum Petrographics 
74.69 – 74.50 m asl 
Pedality: Poorly separate subangular blocks   Microstructure: Massive / Spongy 
Porosity: Vughs, channels, planar voids   Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, few quartz 
Sand  Frequent VFS calcite, few VFS quartz 
Gravel:  Limestone 
Organic: Frequent phytoliths, few bone and shell fragments 
Anth:  Very few chert and basalt flakes, few charcoal 
 
Micromass:       RD: Porphyric 
Color:  Yellow (10YR 7/6); Very pale brown (10YR 7/3) 
b-Fabric: Undifferentiated / Calcitic crystallic 
Post-dep,/Pedofeature:  Frequent hypocoatings and cementation 
Bioturbation: Passage features 
Notes:   Calcified and spotted-speckled clay micromass.  It is similar to the accumulation 
sediment of Pond 11, but with a more vughs.  Identical to –T5-B03B.
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Sample:  T5-B03B     Catalogue Number: 50110 
 
Context:  Tr. 5: B / C     Slide Size: 51x76 mm 
Tr. 5: Unit 2     Make: Spectrum Petrographics 
74.69 – 74.50 m asl 
Pedality: Poorly separate subangular blocks   Microstructure: Massive 
Porosity: Vughs, channels, planar voids   Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, few quartz 
Sand  Frequent VFS calcite, few VFS quartz 
Gravel:  Limestone 
Organic: Common phytoliths, few bone and shell fragments 
Anth:  Few chert and basalt flakes, few charcoal 
 
Micromass:       RD: Porphyric 
Color:  Yellow (10YR 7/6); Very pale brown (10YR 7/3) 
b-Fabric: Undifferentiated / Calcitic crystallic 
Post-dep,/Pedofeature:  Frequent hypocoatings and cementation, few Fe-Mn staining and nodules 
Bioturbation: Passage features 
Notes:   Calcified and spotted-speckled clay micromass.  It is similar to the accumulation 
sediment of Pond 11, but with a more vughs Identical to T5-B03A. 
 
 
 
 
 
Sample:  T5-B04A     Catalogue Number: 50111 
 
Context:  Tr. 5: C / D     Slide Size: 51x76 mm 
Tr. 5: Unit 2     Make: Spectrum Petrographics 
74.33 – 74.27 m asl 
Pedality: Irregular subangular blocks, crumbs  Microstructure: Crumbly/Blocky 
Porosity: Vughs, channels, planar voids   Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, very few quartz 
Sand  Common VFS calcite, few VFS quartz 
Gravel:  Limestone 
Organic: Few phytoliths, very few bone, shell, and eggshell fragments 
Anth:  Common chert and basalt flakes, few charcoal 
 
Micromass:       RD: Porphyric 
Color:  Yellow (10YR 7/6); Very pale brown (10YR 7/3) 
b-Fabric: Undifferentiated / Calcitic crystallic 
Post-dep,/Pedofeature:  Frequent hypocoatings and cementation, few Fe-Mn staining and nodules, 
filaments of calcareous growth 
Bioturbation: Passage features 
Notes:   Calcified and spotted-speckled clay micromass.  It is similar to the accumulation 
sediment of Pond 11, but with a more vughs
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Sample:  T5-B04B     Catalogue Number: 50111 
 
Context:  Tr. 5: C / D     Slide Size: 51x76 mm 
Tr. 5: Unit 2     Make: Spectrum Petrographics 
74.30 – 74.23 m asl 
Pedality: Irregular subangular blocks, crumbs  Microstructure: Crumbly/Blocky 
Porosity: Vughs, channels, planar voids   Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, very few quartz 
Sand  Common VFS calcite, few VFS quartz 
Gravel:  Limestone 
Organic: Few phytoliths, very few bone, shell, and eggshell fragments 
Anth:  Common chert and basalt flakes, common charcoal 
 
Micromass:       RD: Porphyric 
Color:  Yellowish (10YR 7/6); Very pale brown (10YR 7/3) 
b-Fabric: Undifferentiated / Calcitic crystallic 
Post-dep,/Pedofeature:  Dominant hypocoatings and cementation, few Fe-Mn staining and nodules, 
filaments of calcareous growth 
Bioturbation: Passage features 
Notes:   Calcified and spotted-speckled clay micromass.  It is similar to the accumulation 
sediment of Pond 11, but with a more vughs 
 
 
 
 
 
 
Sample:  T5-B04C     Catalogue Number: 50111 
 
Context:  Tr. 5: D      Slide Size: 51x76 mm 
Tr. 5: Unit 1     Make: Spectrum Petrographics 
74.25 – 74.18 m asl 
Pedality: Irregular subangular blocks, crumbs  Microstructure: Massive /Blocky 
Porosity: Vughs, channels, planar voids   Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, very few quartz 
Sand  Common VFS calcite, few VFS quartz 
Gravel:  Limestone 
Organic: Few phytoliths, very few bone, shell, and eggshell fragments 
Anth:  Common chert and basalt flakes, common charcoal, few ash 
 
Micromass:       RD: Porphyric 
Color:  Yellowish (10YR 7/6); Very pale brown (10YR 7/3) 
b-Fabric: Undifferentiated / Calcitic crystallic 
Post-dep,/Pedofeature:  Frequent hypocoatings and cementation, few Fe-Mn staining and nodules, 
filaments of calcareous growth 
Bioturbation: Passage features 
Notes:   Isotropic clay micromass   It is similar to the accumulation sediment of Pond 11, 
but with a more vughs and somewhat less calcite.
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Sample:  T5-B04D     Catalogue Number: 50111 
 
Context:  Tr. 5: D      Slide Size: 51x76 mm 
Tr. 5: Unit 1     Make: Spectrum Petrographics 
74.25 – 74.18 m asl 
Pedality: Irregular subangular blocks, crumbs  Microstructure: Massive 
Porosity: Vughs, channels, planar voids   Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, very few quartz 
Sand  Common VFS calcite, few VFS quartz 
Gravel:  Limestone 
Organic: Few phytoliths, very few bone, shell, and eggshell fragments 
Anth:  Common chert and basalt flakes, common charcoal, few ash 
 
Micromass:       RD: Porphyric 
Color:  Yellowish (10YR 7/6); Very pale brown (10YR 7/3) 
b-Fabric: Undifferentiated / Calcitic crystallic 
Post-dep,/Pedofeature:  Frequent hypocoatings and cementation, few Fe-Mn staining and nodules, 
filaments of calcareous growth 
Bioturbation: Passage features 
Notes:   Isotropic clay micromass   It is similar to the accumulation sediment of Pond 11, 
but with a more vughs and somewhat less calcite.
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Trench 6 
 
Sample:  T6-B01A     Catalogue Number: 50207 
 
Context:  Tr. 6: H      Slide Size: 51x76 mm 
Tr. 6: Unit 1     Make: Spectrum Petrographics 
67.69 – 67.55 m asl 
Pedality: Irregular subangular blocks   Microstructure: Blocky 
Porosity: Vughs, channels, planar voids   Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Few calcite, very few quartz 
Sand  Few VFS calcite and quartz, very few igneous minerals 
Gravel:  Limestone 
Organic: Few phytoliths, very few bone, shell, and eggshell fragments 
Anth:  Common chert and basalt flakes, common charcoal, few ash 
 
Micromass:       RD: Porphyric 
Color:  Gray-(10YR 6/1); pale brown (10YR 7/3) 
b-Fabric: Undifferentiated / Calcitic crystallic 
Post-dep,/Pedofeature:  Common hypocoatings and cementation, few Fe-Mn staining and nodules 
Bioturbation: Passage features 
Notes:   Wetland-derived paleosol 
 
 
 
 
 
Sample:  T6-B01B     Catalogue Number: 50207 
 
Context:  Tr. 6: H      Slide Size: 51x76 mm 
Tr. 6: Unit 1     Make: Spectrum Petrographics 
67.69 – 67.55 m asl 
Pedality: Irregular subangular blocks   Microstructure: Blocky 
Porosity: Vughs, channels, planar voids   Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Few calcite, very few quartz 
Sand  Few VFS calcite and quartz, very few igneous minerals 
Gravel:  Limestone 
Organic: Very few phytoliths, very few bone, shell, and eggshell fragments 
Anth:  Common chert and basalt flakes, common charcoal, few ash 
 
Micromass:       RD: Porphyric 
Color:  Gray-(10YR 6/1); pale brown (10YR 7/3) 
b-Fabric: Undifferentiated / Calcitic crystallic 
Post-dep,/Pedofeature:  Common hypocoatings and cementation, few Fe-Mn staining and nodules, 
reddish-yellow clay coatings 
Bioturbation: Passage features 
Notes:   Wetland-derived paleosol 
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Sample:  T6-B02     Catalogue Number: 50208 
 
Context:  Tr. 6: H      Slide Size: 51x76 mm 
Tr. 6: Unit 1     Make: Spectrum Petrographics 
67.69 – 67.55 m asl 
Pedality: Prismatic/columnar block peds   Microstructure: Blocky 
Porosity: Vughs, channels, planar voids, fissures  Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Few calcite, few quartz 
Sand  Few VFS calcite and quartz, very few igneous minerals 
Gravel:  Limestone 
Organic: Very few phytoliths, very few bone, shell, and eggshell fragments 
Anth:  Common chert and basalt flakes, common charcoal, few ash 
 
Micromass:       RD: Porphyric 
Color:  Gray-(10YR 6/1); pale brown (10YR 7/3) 
b-Fabric: Undifferentiated / Calcitic crystallic 
Post-dep,/Pedofeature:  Common hypocoatings and cementation, few Fe-Mn staining and nodules, 
reddish-yellow clay coatings 
Bioturbation: Passage features 
Notes:   Wetland-derived paleosol 
 
 
 
 
 
Sample:  T6-B03A     Catalogue Number: 50209 
 
Context:  Tr. 6: H      Slide Size: 51x76 mm 
Tr. 6: Unit 1     Make: Spectrum Petrographics 
67.56 – 67.49 m asl 
Pedality: Irregular blocky peds    Microstructure: Blocky 
Porosity: Vughs, channels     Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Few calcite, few quartz 
Sand  Few VFS calcite and quartz, very few igneous minerals 
Gravel:  Limestone 
Organic: Very few phytoliths, bone, and shell fragments 
Anth:  Very few chert and basalt flakes, common charcoal, few ash 
 
Micromass:       RD: Porphyric 
Color:  Isotropic Gray-(10YR 6/1); pale brown (10YR 7/3) 
b-Fabric: Undifferentiated / Calcitic crystallic 
Post-dep,/Pedofeature:  Common hypocoatings, common fragments of concretions, few Fe-Mn nodules 
and staining 
Bioturbation: Passage features 
Notes:   Wetland-derived paleosol, reworked older coating 
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Sample:  T6-B03B     Catalogue Number: 50209 
 
Context:  Tr. 6: H      Slide Size: 51x76 mm 
Tr. 6: Unit 1     Make: Spectrum Petrographics 
67.50 – 67.43 m asl 
Pedality: Irregular massive blocky peds   Microstructure: Massive / Blocky 
Porosity: Vughs, channels     Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Few calcite, few quartz 
Sand  Few VFS calcite and quartz, very few igneous minerals 
Gravel:  Limestone 
Organic: Very few phytoliths, bone, and shell fragments 
Anth:  Very few chert and basalt flakes, few charcoal, few ash 
 
Micromass:       RD: Porphyric 
Color:  Isotropic Pale brown (10YR 7/3) 
b-Fabric: Undifferentiated / Calcitic crystallic 
Post-dep,/Pedofeature:  Common hypocoatings, common fragments of concretions, few Fe-Mn nodules 
and staining, few clay coating 
Bioturbation: Passage features 
Notes:   Wetland-derived paleosol, reworked older coating. 
 
 
 
 
 
 
Sample:  T6-B04     Catalogue Number: 50210 
 
Context:  Tr. 6: D/F     Slide Size: 51x76 mm 
Tr. 6: Unit 3     Make: Spectrum Petrographics 
68.12 – 68.06 m asl 
Pedality: Irregular columnar blocky peds, diagonal orientation Microstructure: Massive / Blocky 
Porosity: Vughs, channels     Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, few quartz 
Sand  Common VFS calcite and few VFS quartz, very few isolated gypsum grains 
Gravel:  Limestone 
Organic: Few phytoliths, bone, shell, and eggshell fragments 
Anth:  Very few chert and basalt flakes, common charcoal, few ash 
 
Micromass:       RD: Porphyric 
Color:  Reddish-yellow (7.5YR 6/6); Pale brown (10YR 7/3) 
b-Fabric: Undifferentiated / Calcitic crystallic 
Post-dep,/Pedofeature:  Frequent hypocoatings, cementation, concretions, common Fe-Mn nodules and 
staining, common yellow-red clay coating 
Bioturbation: Passage features 
Notes:   Silty, sorted clasts, fragments of slaking crusts.  Linear distribution may 
indication small dislodged crust or deformed surface layer. 
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Sample:  T6-B05     Catalogue Number: 50211 
 
Context:  Tr. 6: D/F     Slide Size: 51x76 mm 
Tr. 6: Unit 3     Make: Spectrum Petrographics 
68.17 – 68.10 m asl 
Pedality: Rounded blocky peds    Microstructure: Massive / Blocky 
Porosity: Vughs, channels, channel, planar   Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, few quartz 
Sand  Frequent VFS calcite and few VFS quartz, very few igneous grains 
Gravel:  Limestone 
Organic: Few phytoliths, very few bone and few shell fragments, coprolite fragments 
Anth:  Very few chert and basalt flakes, frequent charcoal and ash 
 
Micromass:       RD: Porphyric 
Color:  Reddish-yellow (7.5YR 6/6); Pale brown (10YR 7/3) 
b-Fabric: Undifferentiated / Calcitic crystallic 
Post-dep,/Pedofeature:  Frequent hypocoatings, cementation, concretions, common Fe-Mn nodules and 
staining, common yellow-red clay coating, localized decalcification 
Bioturbation: Passage features 
Notes:   Similar to T6B04, but micromass has more dusty clay. Evidence both for 
decalcification and recrystallization is clear.  Lots of anthropogenic material, in particular, lots of ash 
oxalates within charcoal.  Looks like anthropogenic colluvium. 
 
 
 
Sample:  T6-B06A.i     Catalogue Number: 50223 
 
Context:  Tr. 6: D/E/F     Slide Size: 51x76 mm 
Tr. 6: Unit 3     Make: Spectrum Petrographics 
68.32 – 68.23 m asl 
Pedality: Complex crumb-block aggregates   Microstructure: Crumbly / Blocky 
Porosity: Vughs, channels, channel, planar   Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, few quartz 
Sand  Frequent VFS calcite and few VFS quartz, very few igneous grains 
Gravel:  Limestone and very few basalt 
Organic: Few phytoliths, very few bone and eggshell, few shell fragments, coprolite 
fragments 
Anth:  Very few chert flakes, frequent charcoal and ash 
 
Micromass:       RD: Porphyric 
Color:  Pale brown (10YR 7/3) 
b-Fabric: Undifferentiated / slight stickle-speckled  
Post-dep,/Pedofeature:  Frequent hypocoatings, cementation, concretions, few Fe-Mn nodules and 
staining, common yellow-brown clay coating, localized decalcification 
Bioturbation: Passage features 
Notes:   Dusty clay is the micromass, setting it apart from the other microfabric unit.  
Carbonates show same pattern as many other samples.  Present in micromass, presumably expanded before 
dissolution, now recrystallizing as it is dissolving elsewhere.  There are phytoliths, but fewer than expected.  
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Sample:  T6-B06A.ii     Catalogue Number: 50223 
 
Context:  Tr. 6: D / E / F     Slide Size: 51x76 mm 
Tr. 6: Unit 3     Make: Spectrum Petrographics 
68.32 – 68.23 m asl 
Pedality: Irregular blocky peds with aggregated granules Microstructure: Crumbly / Blocky 
Porosity: Vughs, packing, planar    Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, very few quartz 
Sand  Frequent VFS calcite and few VFS quartz, frequent clay grains 
Gravel:  Limestone and very few basalt 
Organic: Few phytoliths, few bone (possibly digested) and shell fragments, coprolite 
fragments 
Anth:  Very few chert flakes, very few charcoal and ash 
 
Micromass:       RD: Porphyric 
Color:  Reddish yellow (7.5YR 6/6) 
b-Fabric: Undifferentiated  
Post-dep,/Pedofeature:  Common hypocoatings, cementation, concretions, few Fe-Mn nodules and 
staining, common yellow-brown clay coating, localized decalcification 
Bioturbation: Passage features 
Notes:   Low amount of anthropogenic material, although they are present.  Lots of 
donated clay clasts, with striated b-fabric.  There is a lot of carbonate development throughout the peds.  
Discontinuous mottling is present, and areas of decalcification are prominent. 
 
 
 
Sample:  T6-B06B     Catalogue Number: 50223 
 
Context:  Tr. 6: D/E/F     Slide Size: 51x76 mm 
Tr. 6: Unit 3     Make: Spectrum Petrographics 
68.32 – 68.23 m asl 
Pedality: Irregular blocky with developing crumbs  Microstructure: Blocky 
Porosity: Vughs, packing, planar    Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, common quartz 
Sand  Frequent VFS calcite and few VFS quartz, frequent clay grains 
Gravel:  Limestone and very few basalt 
Organic: Few phytoliths, few bone and common shell fragments 
Anth:  Very few chert flakes, very few charcoal and ash 
 
Micromass:       RD: Porphyric 
Color:  Light yellowish brown (10YR 6/4) 
b-Fabric: Undifferentiated  
Post-dep,/Pedofeature:  Common hypocoatings, cementation, concretions, common Fe-Mn nodules and 
staining, common yellow-brown clay coating, localized decalcification 
Bioturbation: Passage features 
Notes:   Low amount of anthropogenic material, although they are present.  Lots of 
donated clay clasts, with striated b-fabric.  There is a lot of carbonate development throughout the peds.  
Discontinuous mottling is present, and areas of decalcification are prominent.
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Sample:  T6-B08     Catalogue Number: 50225 
 
Context:  Tr. 6: D / E / F     Slide Size: 51x76 mm 
Tr. 6: Unit 3     Make: Spectrum Petrographics 
68.06 – 67.99 m asl 
Pedality: Irregular blocky with developing crumbs  Microstructure: Blocky / Massive 
Porosity: Vughs, packing, planar    Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, few quartz 
Sand  Frequent VFS calcite and few VFS quartz, frequent clay grains 
Gravel:  Limestone and very few basalt 
Organic: Few bone and shell fragments, very few eggshell fragments 
Anth:  Very few chert flakes, few charcoal and common ash 
 
Micromass:       RD: Porphyric 
Color:  Pale brownish (10YR 6/3) 
b-Fabric: Undifferentiated  
Post-dep,/Pedofeature:  Common hypocoatings, cementation, concretions, common Fe-Mn nodules and 
staining, common yellow-brown clay coating, localized decalcification 
Bioturbation: Passage features 
Notes:   Slide becomes blockier towards the top.  A lot of silty, dusty clay features, such 
as aggregates and coatings, are present. Looks like anthropogenic colluvium. 
 
 
 
 
 
Sample:  T6-B09     Catalogue Number: 50221 
 
Context:  Tr. 6: A / B     Slide Size: 51x76 mm 
Tr. 6: Unit 4     Make: Spectrum Petrographics 
68.67 – 67.59 m asl 
Pedality: Massive, irregular angular blocky   Microstructure: Massive / Blocky 
Porosity: Vughs, packing, planar    Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, few quartz 
Sand  Frequent VFS calcite and few VFS quartz, frequent clay grains 
Gravel:  Limestone and very few basalt 
Organic: Common phytoliths, very few bone and few shell fragments 
Anth:  Few chert flakes, few charcoal and few ash 
 
Micromass:       RD: Porphyric 
Color:  Pale brownish (10YR 6/3) 
b-Fabric: Undifferentiated  
Post-dep,/Pedofeature:  Frequent hypocoatings, cementation, concretions, common Fe-Mn nodules and 
staining, common red-yellow clay coating, localized decalcification 
Bioturbation: Passage features 
Notes:   Significant amount of carbonate growth and calcite recrystallization.  Many 
donated soil clasts.  Reworked and pedogenically altered anthropogenic colluvium organic soil. 
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Sample:  T6-B10A     Catalogue Number: 50221 
 
Context:  Tr. 6: G      Slide Size: 27x46 mm 
Tr. 6: Unit 2     Make: Spectrum Petrographics 
67.83 – 67.79 m asl 
Pedality: Irregular massive blocky peds   Microstructure: Blocky / Massive 
Porosity: Planar, vughs     Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, few quartz 
Sand Common VFS calcite and few VFS quartz, few CS fragments of marl 
Gravel:  Limestone  
Organic:  Very few phytoliths, few bone and very few shell fragments 
Anth:  Very few charcoal and ashes, and few chert flakes 
 
Micromass:       RD: Porphyric 
Color:  Reddish-yellow (7.5YR 6/6), very pale brown (10YR 7/3) 
b-Fabric: Undifferentiated / Calcitic-crystallic / Slightly striated 
Post-dep,/Pedofeature:  Common hypocoatings, cementation, few Fe-Mn nodules and staining, localized 
decalcification, few red clay coatings 
Bioturbation: None 
Notes:   Orientations of small coarse fraction and organic matter around peds which look 
similar to BN10-18.  Looks very much like a marl.  Despite marl appearance, the micromass is relatively 
isotropic.  Perhaps this is a degraded organic soil. 
 
 
 
Sample:  T6-B10B     Catalogue Number: 50221 
 
Context:  Tr. 6: G / H     Slide Size: 27x46 mm 
Tr. 6: Unit 2 / 1     Make: Spectrum Petrographics 
67.78 – 67.75 m asl 
Pedality: Irregular massive blocky peds   Microstructure: Blocky / Massive 
Porosity: Planar, vughs     Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, few quartz 
Sand Common VFS calcite and few VFS quartz, few CS fragments of marl 
Gravel:  Large limestone grain with a coating of matrix 
Organic:  Very few phytoliths, few bone and very few shell fragments, coprolite fragment 
Anth:  Very few charcoal and ashes, and few chert flakes 
 
Micromass:       RD: Porphyric 
Color:  Reddish-yellow (7.5YR 6/6), very pale brown (10YR 7/3) 
b-Fabric: Undifferentiated / Calcitic-crystallic / Slightly striated 
Post-dep,/Pedofeature:  Common hypocoatings, cementation, few Fe-Mn nodules and staining, localized 
decalcification, few red clay coatings, significant plastic deformation of matrix 
surrounding a large grain of limestone, resulted in a banded coating with striated 
b-fabric. 
Bioturbation: Passage feature 
Notes:   Similar to T6-B10A, in that it is marl-like some areas.  The banded matrix 
around the limestone grain may suggest a pebble that rolled around on a muddy surface. 
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Sample:  T6-B10C     Catalogue Number: 50221 
 
Context:  Tr. 6: G / H     Slide Size: 27x46 mm 
Tr. 6: Unit 2 / 1     Make: Spectrum Petrographics 
67.75 – 67.72 m asl 
Pedality: Massive      Microstructure: Massive 
Porosity: Planar, fissures, vughs    Sorting: Unsorted 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, few quartz 
Sand Common VFS calcite and few VFS quartz, few CS fragments of marl 
Gravel:  Large limestone grain with a coating of matrix 
Organic:  Very few phytoliths, very few bone  
Anth:  Very few charcoal and ashes, and few chert flakes 
 
Micromass:       RD: Porphyric 
Color:  Isotropic very pale brown (10YR 7/3) 
b-Fabric: Undifferentiated / Calcitic-crystallic / Slightly striated 
Post-dep,/Pedofeature:  Common hypocoatings, cementation, few Fe-Mn nodules and staining, localized 
decalcification, few red clay coatings, significant plastic deformation of matrix 
surrounding a large grain of limestone, resulted in a banded coating with striated 
b-fabric. 
Bioturbation: Passage feature 
Notes:   Very much like the wetland paleosol of Layer H, with fissures suggesting crack 
and drying of a clay-rich matrix. 
 
Sample:  T6-B11.i     Catalogue Number: 50219 
 
Context:  Tr. 6: B      Slide Size: 51x76 mm 
Tr. 6: Unit 4     Make: Spectrum Petrographics 
68.67 – 67.59 m asl 
Pedality: Massive, irregular angular blocky   Microstructure: Massive / Blocky 
Porosity: Vughs, packing, planar    Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Few calcite, frequent quartz 
Sand Few VFS calcite and dominant VFS quartz, common FS calcite, frequent 
rubified clay grains 
Gravel:  Limestone and very few basalt 
Organic: Few phytoliths, very few bone and few shell fragments, few full shells 
Anth:  Few charcoal and few ash 
 
Micromass:       RD: Porphyric 
Color:  Reddish-yellow (7.5YR 6/6) 
b-Fabric: Calcitic-crystallic / Granostriated (in clay coatings) 
Post-dep,/Pedofeature:  Frequent hypocoatings, cementation, concretions, common Fe-Mn nodules and 
staining, dominant red clay coating, localized decalcification 
Bioturbation: Passage features 
Notes:   Piece of construction material from Trench 6.  Rich quartz sand fraction 
cemented together by recrystallized background carbonates.  Does not have the same structure porosity as 
adobe Pond 11 brick, but is similar in content to BN10-02 platform materials.  Good deal of clay movement 
throughout the sample.  Reworked atypical adobe materials.
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Sample:  T6-B11.ii     Catalogue Number: 50219 
 
Context:  Tr. 6: B      Slide Size: 51x76 mm 
Tr. 6: Unit 4     Make: Spectrum Petrographics 
68.67 – 67.59 m asl 
Pedality: Complex crumb-block aggregates   Microstructure: Blocky / crumbly 
Porosity: Vughs, packing, planar    Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, few quartz 
Sand Common VFS calcite and few VFS quartz 
Gravel:  Limestone  
Organic:  Very few phytoliths, few bone and very few shell fragments 
Anth:  Few charcoal, ashes, and chert flakes 
 
Micromass:       RD: Porphyric 
Color:  Yellowish – brown (10YR 6/6) 
b-Fabric: Undifferentiated / Calcitic-crystallic  
Post-dep,/Pedofeature:  Few hypocoatings, cementation, concretions, common Fe-Mn nodules and 
staining, localized decalcification 
Bioturbation: Passage features 
Notes:   Similar to T6-B09, but with less carbonate growth.  Many donated soil clasts.  
Reworked and pedogenically altered anthropogenic colluvium organic soil. 
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Trench 7 
Sample:  T7-B01     Catalogue Number: 50307 
 
Context:  Tr. 7: E      Slide Size: 51x76 mm 
Tr. 7: Unit 1     Make: Spectrum Petrographics 
69.63 – 69.60 m asl 
Pedality: Massive      Microstructure: Massive / Spongy 
Porosity: Planar, fissures, vughs    Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, few quartz 
Sand Common VFS calcite and few VFS quartz, CS aggregate of gypsum crystals 
Gravel:  Limestone and basalt fragments 
Organic:  Few phytoliths and algae, few bone and very few shells fragments.  
Anth:  Very few charcoal and few ashes, and very few chert flakes 
 
Micromass:       RD: Porphyric 
Color:  Brownish yellow (10YR 6/6); Reddish-yellow (7.5YR 6/6) 
b-Fabric: Undifferentiated / Calcitic-crystallic / Slightly striated 
Post-dep,/Pedofeature:  Common hypocoatings, cementation, very few Fe-Mn nodules and staining.  
Localized decalcification, very few red clay coatings and common clay nodules.    
Bioturbation: Passage features 
Notes:   Slight orientations and banding of some grains.  The orientations and banding 
suggest that this may once have been an archaeological surface that has since been reworked.   
 
 
Sample:  T7-B02     Catalogue Number: 50313 
 
Context:  Tr. 7: D / C     Slide Size: 51x76 mm 
Tr. 7: Unit 2 / 3     Make: Spectrum Petrographics 
70.26 – 70.17 m asl 
Pedality: Irregular subangular crumbs, massive blocks  Microstructure: Crumbly / blocky 
Porosity: Vughs, packing voids, planar voids   Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, few quartz 
Sand Frequent VFS calcite and few VFS quartz 
Gravel:  Limestone and basalt fragments 
Organic:  Frequent phytoliths and algae, few bone, shell, and eggshell fragments. 
Coprolite fragments. 
Anth:  Frequent charcoal and common ashes, and few chert flakes, common burnt clay 
grains, adobe fragments 
 
Micromass:       RD: Porphyric 
Color:  Brownish yellow (10YR 6/6)  
b-Fabric: Undifferentiated / Calcitic-crystallic / Slightly striated 
Post-dep,/Pedofeature:  Common highly fragmented concretion fragments, few hypocoatings, common 
Fe-Mn nodules and staining.  Localized decalcification, very few red clay 
coatings  
Bioturbation: Passage features, common roots 
Notes:   Very similar to archaeological deposits (e.g., Layer Ic) in Pond 11.
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Sample:  T7-B03A     Catalogue Number: 50314 
 
Context:  Tr. 7: C      Slide Size: 51x76 mm 
Tr. 7: Unit 3     Make: Spectrum Petrographics 
70.64 – 70.57 m asl 
Pedality: Blocky massive peds    Microstructure: Blocky / Vughy 
Porosity: Vughs, planar voids    Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, common quartz 
Sand Common VFS calcite and few VFS quartz 
Gravel:  Limestone and basalt fragments, donated clasts of peat soil 
Organic:  Few phytoliths and algae, few bone and shell fragments. Coprolite fragments. 
Anth:  Common charcoal and common ashes, and few chert flakes, common burnt clay 
grains, adobe fragments 
 
Micromass:       RD: Porphyric 
Color:  Brownish yellow (10YR 6/6); Reddish-yellow (7.5YR 6/6) 
b-Fabric: Calcitic-crystallic / Undifferentiated 
Post-dep,/Pedofeature:  Common highly fragmented concretion fragments, few hypocoatings, common 
Fe-Mn nodules and staining. Very few red clay coatings and infillings 
Bioturbation: Passage features, common roots, biogenic crusts from insects 
Notes:   Very similar to the degraded adobe deposits (e.g., Layer Ib) in Pond 11.  Mixed 
and disorganized, likely colluvium or reworked archaeological sediment. 
 
 
Sample:  T7-B03B     Catalogue Number: 50314 
 
Context:  Tr. 7: C      Slide Size: 51x76 mm 
Tr. 7: Unit 3     Make: Spectrum Petrographics 
70.64 – 70.57 m asl 
Pedality: Columnar subangular blocky massive peds  Microstructure: Blocky / Massive 
Porosity: Planar voids and vughs    Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, few quartz 
Sand Frequent VFS calcite and few VFS quartz 
Gravel:  Limestone and basalt fragments 
Organic:  Common phytoliths and algae, few bone and shell fragments. Coprolite 
fragments. 
Anth:  Common charcoal and ashes, and few chert flakes, common burnt clay grains, 
adobe fragments 
 
Micromass:       RD: Porphyric 
Color:  Brownish yellow (10YR 6/6); Reddish-yellow (7.5YR 6/6) 
b-Fabric: Calcitic-crystallic / Undifferentiated 
Post-dep,/Pedofeature:  Common highly fragmented concretion fragments, few hypocoatings, common 
Fe-Mn nodules and staining. Very few red clay coatings and infillings 
Bioturbation: Passage features, common roots, biogenic crusts from insects 
Notes:   The peat soil, algae, and phytoliths suggest wetland input, though it may have 
been mixed in with the anthropogenic material that contributed much of this sediment.  The deposit is 
indistinguishable from the degraded adobe deposits of Pond 11.
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Sample:  T7-B04     Catalogue Number: 50315 
 
Context:  Tr. 7: D      Slide Size: 51x76 mm 
Tr. 7: Unit 2     Make: Spectrum Petrographics 
69.94 – 69.86 m asl 
Pedality: Irregular subangular massive blocks  Microstructure: Massive / Blocky 
Porosity: Planar voids and vughs    Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, few quartz 
Sand Frequent VFS calcite and few VFS quartz 
Gravel:  Limestone and basalt fragments 
Organic:  Common phytoliths and algae, few bone and shell fragments. Coprolite 
fragments. 
Anth:  Common charcoal and ashes, and few chert flakes, common burnt clay grains, 
adobe fragments 
 
Micromass:       RD: Porphyric 
Color:  Brownish yellow (10YR 6/6); Reddish-yellow (7.5YR 6/6) 
b-Fabric: Calcitic-crystallic / Undifferentiated 
Post-dep,/Pedofeature:  Frequent hypocoatings, few crusts, few Fe-Mn nodules and staining. Very few 
red clay coatings and infillings 
Bioturbation: Passage features, insect waste 
Notes:   Almost identical to T7-B02.  Reworked archaeological layer that has been 
heavily cemented. 
 
 
Sample:  T7-B05A     Catalogue Number: 50316 
 
Context:  Tr. 7: C      Slide Size: 51x76 mm 
Tr. 7: Unit 3     Make: Spectrum Petrographics 
70.35 – 70.28 m asl 
Pedality: Massive blocks     Microstructure: Massive / Spongy 
Porosity: Planar voids and vughs    Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, few quartz 
Sand Frequent VFS calcite and few VFS quartz 
Gravel:  Limestone and basalt fragments 
Organic:  Common phytoliths and algae, common bone and shell fragments. Coprolite 
fragments. 
Anth:  Few charcoal and ashes, and few chert flakes, common burnt clay grains, adobe 
fragments 
 
Micromass:       RD: Porphyric 
Color:  Brownish yellow (10YR 6/6); Reddish-yellow (7.5YR 6/6) 
b-Fabric: Calcitic-crystallic / Undifferentiated 
Post-dep,/Pedofeature:  Frequent hypocoatings, few crusts, few Fe-Mn nodules and staining. Very few 
red clay coatings and infillings 
Bioturbation: Passage features, insect waste 
Notes:   Very similar to the degraded adobe deposits (e.g., Layer Ib) in Pond 11.  Mixed 
and disorganized, likely colluvium or reworked archaeological sediment.
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Sample:  T7-B05B.i     Catalogue Number: 50316 
 
Context:  Tr. 7: C / D     Slide Size: 51x76 mm 
Tr. 7: Unit 3 / 2     Make: Spectrum Petrographics 
70.29 – 70.22 m asl 
Pedality: Massive blocks     Microstructure: Massive / Spongy 
Porosity: Planar voids and vughs    Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, few quartz 
Sand Frequent VFS calcite and few VFS quartz 
Gravel:  Limestone and basalt fragments 
Organic:  Common phytoliths and algae, common bone and very few shell fragments. 
Coprolite fragments. 
Anth:  Few charcoal and ashes, and few chert flakes, common burnt clay grains, adobe 
fragments 
 
Micromass:       RD: Porphyric 
Color:  Brownish yellow (10YR 6/6); Reddish-yellow (7.5YR 6/6) 
b-Fabric: Calcitic-crystallic / Undifferentiated 
Post-dep,/Pedofeature:  Frequent hypocoatings, few crusts, few Fe-Mn nodules and staining. Very few 
brown red clay coatings and infillings 
Bioturbation: Passage features, insect waste 
Notes:   Very similar to the degraded adobe deposits (e.g., Layer Ib) in Pond 11.  Mixed 
and disorganized, likely colluvium or reworked archaeological sediment.  Nearly identical to T7-B05A.  
 
Sample:  T7-B05B.ii     Catalogue Number: 50316 
 
Context:  Tr. 7: D      Slide Size: 51x76 mm 
Tr. 7: Unit 2     Make: Spectrum Petrographics 
70.29 – 70.22 m asl 
Pedality: Massive blocks     Microstructure: Massive / Spongy 
Porosity: Planar voids and vughs    Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, few quartz 
Sand Frequent VFS calcite and few VFS quartz 
Gravel:  Limestone and basalt fragments 
Organic:  Few phytoliths and algae, common bone and very few shell fragments. Coprolite 
fragments. 
Anth:  Few charcoal and ashes, and few chert flakes, common burnt clay grains, adobe 
fragments 
Micromass:       RD: Porphyric 
Color:  Brownish yellow (10YR 6/6); Reddish-yellow (7.5YR 6/6) 
b-Fabric: Calcitic-crystallic / Undifferentiated 
Post-dep,/Pedofeature:  Frequent hypocoatings, common calcitic crusts, common Fe-Mn nodules and 
staining. Very few brown red clay coatings and infillings 
Bioturbation: Passage features, insect waste 
Notes:   Very similar to both T7-B05A and T7-B02.  A diffuse region of strong calcite 
impregnation and Fe-Mn staining mark a ‘boundary’ presumed to be the separation between Units 2 and 3.  
This suggests that the two have similar sedimentary origins, but that Unit 2 was present and stable for long 
enough to be pedogenically altered prior to the deposition of Unit 3. 
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Sample:  T7-B06     Catalogue Number: 50317 
 
Context:  Tr. 7: A      Slide Size: 51x76 mm 
Tr. 7: Unit 5     Make: Spectrum Petrographics 
71.31 – 71.25 m asl 
Pedality: Prismatic blocks and subangular and rounded crumbs Microstructure: Blocky / Crumbly 
Porosity: Planar voids, vughs, and packing voids  Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, few quartz 
Sand Common VFS calcite and few VFS quartz, few CS quartz 
Gravel:  Limestone and basalt fragments 
Organic:  Very few phytoliths and algae, common bone and very few shell fragments.  
Anth:  Few charcoal and ashes, and few chert flakes, common burnt clay grains 
 
Micromass:       RD: Porphyric 
Color:  Reddish-brown (5YR 5/4) 
b-Fabric: Calcitic-crystallic / Stipple-speckle 
Post-dep,/Pedofeature:  Frequent hypocoatings, few crusts.  Regions of decalcification. Few Fe-Mn 
nodules and staining, common yellow-red dusty clay coatings. More mineral 
weathering than the normal background amount. 
Bioturbation: Passage features, roots 
Notes:   Generalized dissolution of calcareous material, possibly from surface water and 
acidity from decaying plant material.  Vertic soil development is occurring on this material, which is 
reminiscent of the dark clay layers of Pond 11.  
 
 
Sample:  T7-B07A.i     Catalogue Number: 50318 
 
Context:  Tr. 7: A      Slide Size: 51x76 mm 
Tr. 7: Unit 5     Make: Spectrum Petrographics 
71.12 – 71.05 m asl 
Pedality: Subangular blocks and irregular crumbs  Microstructure: Blocky / Crumbly 
Porosity: Planar voids, vughs, and packing voids  Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, few quartz 
Sand Common VFS calcite and frequent VFS quartz, few CS quartz 
Gravel:  Limestone and basalt fragments 
Organic:  Very few phytoliths, few bone and shell fragment, few full shells.  
Anth:  Few charcoal and ashes, and few chert flakes, common burnt clay grains 
 
Micromass:       RD: Porphyric 
Color:  Reddish-brown (5YR 5/4) 
b-Fabric: Calcitic-crystallic / Stipple-speckle 
Post-dep,/Pedofeature:  Frequent hypocoatings, few crusts.  Regions of decalcification. Few Fe-Mn 
nodules and staining, common yellow-red dusty clay coatings. More mineral 
weathering than the normal background amount. 
Bioturbation: Passage features, roots, insect waste 
Notes:   Generalized dissolution of calcareous material, possibly from surface water and 
acidity from decaying plant material.  Vertic soil development is occurring on this material, which is 
reminiscent of the dark clay layers of Pond 11.  
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Sample:  T7-B07A.ii     Catalogue Number: 50318 
 
Context:  Tr. 7: A / B     Slide Size: 51x76 mm 
Tr. 7: Unit 5 / 4     Make: Spectrum Petrographics 
71.12 – 71.05 m asl 
Pedality: Angular blocky     Microstructure: Blocky 
Porosity: Planar voids, vughs, and packing voids  Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, few quartz 
Sand Common VFS calcite and frequent VFS quartz, few CS quartz 
Gravel:  Limestone and basalt fragments 
Organic:  Very few phytoliths, few bone and shell fragment, few full shells.  
Anth:  Few charcoal and ashes, and few chert flakes, common burnt clay grains 
 
Micromass:       RD: Porphyric 
Color:  Reddish-brown (5YR 5/4) 
b-Fabric: Calcitic-crystallic / Stipple-speckle 
Post-dep,/Pedofeature:  Dominant hypocoatings, few crusts.  Regions of decalcification.  Few Fe-Mn 
nodules and staining, common yellow-red dusty clay coatings. More mineral 
weathering than the normal background. 
Bioturbation: Passage features, roots, insect waste 
Notes:   Generalized dissolution of calcareous material, possibly from surface water and 
acidity from decaying plant material.  Vertic soil development is occurring on this material, which is 
reminiscent of the dark clay layers of Pond 11.  This unit is defined by stronger calcite impregnation, 
marking a slight boundary between the two microfabric units. 
 
Sample:  T7-B07B     Catalogue Number: 50318 
 
Context:  Tr. 7:  B     Slide Size: 51x76 mm 
Tr. 7: Unit 4     Make: Spectrum Petrographics 
71.07 – 70.98 m asl 
Pedality: Strong angular blocky    Microstructure: Blocky 
Porosity: Planar voids, vughs, and packing voids  Sorting: Poor 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite and quartz 
Sand Common VFS calcite and few VFS quartz, few CS quartz 
Gravel:  Limestone and basalt fragments 
Organic:  Very few phytoliths, few bone and shell fragment, few full shells.  
Anth:  Few charcoal and ashes, and few chert flakes, common burnt clay grains 
Micromass:       RD: Porphyric 
Color:  Brownish-yellow (10YR 6/6) 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Frequent well-developed hypocoatings, few Fe-Mn nodules and staining.  
Common yellow-red dusty clay coatings.  Discontinuous areas of decalcification 
resulting in a mottled texture. 
Bioturbation: Passage features, roots, insect waste 
Notes:   Vertic characteristics on a micromass that bears similarity to the underlying 
anthropogenic colluvium.  Possibly mixed anthropogenic sediment that began to experience pedogenesis.  
Little evidence for the movement of clays, but the dissolution and recrystallization of carbonates is 
abundant. Few phytoliths found, perhaps plant roots reabsorbed them.  The blocky microstructure is very 
pronounced, and exhibits a strong horizontal orientation, compared against the upper unit. 
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Appendix B – The Pond 11 samples 
Sector E 
 
Sample:  BN10-01A      Catalogue Number: 2206 
Context:  E: Layer I      Slide Size: 51x76 mm 
S9a, east of 373      Make: Weismann Institute 
71.46 – 71.38 m asl  
Pedality: Blocky subangular primary peds   Microstructure: Blocky 
Porosity: Common Vughs, few channels   Sorting: Poor 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite 
Sand  Frequent VFS quartz; Common FS calcite; very few igneous minerals  
Gravel:  Common weathered limestone and dolomite 
Organic: Few FS coprolite fragments; bone fragments 
Arch.  None  
Micromass:        RD: Porphyric 
Color:  Light yellowish brown (10YR 6/4) 
b-Fabric: Calcitic crystallic/undifferentiated 
Post-dep,/Pedofeature: Frequent hypocoatings; very few Fe-Mn nodules; common clay coating; 
localized decalcification. 
Bioturbation:  Few modern roots 
Notes:  This material lacks strong anthropomorphic input.  Although the bone and chert 
fragments are very possibly archaeological, there is nothing definitive about them to allow such an 
interpretation. The presence of coprolites (and an omnivore or carnivore coprolite, in particular) and soil 
fragments may instead be interpreted as a period of human abandonment.  Root and earthworm activity 
took place at some later date, generally before the recrystallization of calcitic material, which was quite 
strong.   Some occurred afterwards, however, and in their decay left organic stains in the matrix. 
 
 
Sample:  BN10-01B      Catalogue Number: 2206 
Context:  E: Layer I     Slide Size: 51x76 mm 
S9a, east of 373     Make: Weismann Institute 
71.38 – 71.32 m asl  
Pedality: Blocky subangular primary peds   Microstructure: Blocky 
Porosity: Planar voids; packing voids/ vughs.   Sorting: Moderate sorting 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Comm. Calcite/quartz 
Sand  Frequent VFS quartz; Common FS calcite, quartz, 
Gravel:  Com. Weathered limestone and dolomite 
Organic: Weathered bone, shell, and eggshell. 
Anth.   Few Charcoal; Few chert flakes 
Micromass:        RD: Porphyric 
Color:  Pale-yellow (10YR 7/6) to brown (10YR 7/4)  
b-Fabric: Calcitic crystallic/undifferentiated 
Post-dep,/Pedofeature: Frequent hypocoatings; very few Fe-Mn; common clay coating;  
   Localized decalcification. 
Bioturbation:  Few Roots 
Notes:  More clay-rich than general Layer I matrix.  Decrease in VFS quartz 
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Sample:  BN10-02.i     Catalogue Number: 2211 
 
Context:  E: Layer I      Slide Size: 51x76 mm 
O9b, construction material, near Structure 205 Make: Spectrum Petrographics 
71.12 – 70.95 m asl  
Pedality: Massive      Microstructure: Massive 
Porosity: Poorly accommodating planar voids; vughs.   Sorting: Well 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite; few quartz 
Sand  Frequent VFS quartz; common FS calcite and quartz, 
Gravel:  Very few weathered limestone and dolomite 
Organic: Few weathered bone, shell, and eggshell.  Common phytoliths 
Anth.   Few charcoal 
 
Micromass:       RD: Porphyric 
Color:  Pale-yellow (10YR 7/6) to brown (10YR 7/4) 
b-Fabric: Calcitic crystallic/undifferentiated 
Post-dep,/Pedofeature: Frequent hypocoatings; very few Fe-Mn; common clay coating;  
   A few areas of calcification. 
Bioturbation:  Few Roots 
Notes:  The upper fabric is a mixture of Layer I material with many sand inclusions.   
 
 
 
 
 
Sample:  BN10-02.ii      Catalogue Number: 2211 
 
Context:  E: Layer I     Slide Size: 51x76 mm 
O9b, construction material, near Structure 205  Make: Spectrum Petrographics 
71.12 – 70.95 m asl  
Pedality: Massive      Microstructure: Massive  
Porosity: Vughs, few passage features.   Sorting: Unsorted 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dom quartz 
Sand  Very dominant VFS and FS quartz; Common FS calcite, quartz, 
Gravel:  Common weathered limestone and dolomite 
Organic: Few bone fragments. Comm. Phytoliths. 
Anth.   Few charcoal 
 
Micromass:       RD: Porphyric 
Color:  Light gray (10YR 7/1) light brownish gray (10YR 6/2) micrite  
b-Fabric: Undifferentiated 
Post-dep,/Pedofeature: Brownish-red clay coatings.   
Bioturbation:  Few Roots 
Notes:  Marl (?) based construction material.  Described in Bocquentin et al. 2014 and Boness 
2012 as a platform built of marsh materials.
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Sample:  BN10-03        Catalogue Number: 2144.13 
 
Context:  E: Layer 0     Slide Size: 51x76 mm   
U11a / T11b     Make: Quality Thin Sections 
71.34 – 71.32 m asl  
Pedality: Blocky, crumbly      Microstructure: Blocky 
Porosity: Packing voids, planar voids.    Sorting: Moderately sorted 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Very Few quartz; common microsparite 
Sand  Few VFS and very few FS quartz; Common FS calcite; Very few basalt 
Gravel:  Few limestone and dolomite 
Organic: Few bone fragments. Few shell fragments. Coprolite fragment. Fishbone. Very 
few eggshell fragments. Very few phytoliths 
Anth:   Very few charcoal 
 
Micromass:       RD: Porphyric 
Color:  Yellowish brown (10YR 5/6)    
b-Fabric: Undifferentiated; few granostriated domains 
Post-dep,/Pedofeature: Brownish-red clay coatings, few hypocoatings, and common Fe-Mn nodules. 
Bioturbation:  Few Roots 
Notes:   Mixed layer of gravels and clays. 
 
 
 
 
 
 
Sample:  BN10-08        Catalogue Number: 1798.3 
 
Context:  E: Layer 01     Slide Size: 51x76 mm   
U24      Make: Spectrum Petrographic 
71.15 – 71.10 m asl 
Pedality: Massive primary blocky peds with crumbs  Microstructure: Vertic / Blocky 
Porosity: Planar, packing, and vughs   Sorting: Moderately sorted 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite; Common quartz 
Sand  Common VFS calcite and quartz; few igneous minerals 
Gravel:  Few limestone 
Organic: Common bone and shell fragments. Few eggshell fragments, very few 
phytoliths; coprolite fragment. 
Anth:   Common charcoal; few ashes and chert flakes; FS fragment of plaster 
 
Micromass:       RD: Porphyric 
Color:  Very pale brown (10YR 7/3)   
b-Fabric: Undifferentiated; Calcitic-crystallic 
Post-dep,/Pedofeature: Frequent hypocoatings; Common Fe-Mn nodules. Few brownish-red clay  
   coatings. 
Bioturbation:  Very few Roots 
Notes:   Anthropogenic colluvium.
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Sample:  BN10-20A.i     Catalogue Number: 2236 
 
Context:  E: Layer 0     Slide Size: 51x76 mm  
V9, east of L. 408    Make: Spectrum Petrographic 
71.53 – 71.46 m asl 
Pedality: Irregular block peds and intrapedal granules  Microstructure: Granular blocky 
Porosity: Well-accommodating planar, packing, channel Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite; very few quartz 
Sand  Dominant VFS calcite; very few VFS quartz, very few FS basalt 
Gravel:  Rounded oolitic limestone 
Organic: Very few bone and shell fragments, possible CS coprolite fragments 
Anth:   Very few chert flakes 
 
Micromass:       RD: Porphyric 
Color:  Reddish-yellow (7.5YR 6/6); reddish-brown (5YR 5/4)   
b-Fabric: Undifferentiated  
Post-dep,/Pedofeature:  Very few Fe-Mn nodules, few hypocoatings, and few red clay coatings 
Bioturbation:  Common modern plant material  
Notes:   Clay-rich mixed surface layer 
 
 
 
 
 
 
Sample:  BN10-20A.ii     Catalogue Number: 2236 
 
Context:  E: Layer 0a     Slide Size: 51x76 mm  
V9, east of L. 408    Make: Spectrum Petrographic 
71.53 – 71.46 m asl 
Pedality: Strong blocky and platy peds   Microstructure: Strong blocky 
Porosity: Well-acc. planar, fissures, and vughs  Sorting: Moderate  
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite; very few quartz 
Sand  Few VFS quartz, few FS basalt 
Gravel:  Limestone pebbles 
Organic: Few bone and very few shell fragments, few phytoliths and very few algae 
Anth:   Few chert flakes, common ashes 
 
Micromass:       RD: Porphyric 
Color:  Reddish-brown (5YR 4/6)   
b-Fabric: Undifferentiated  
Post-dep,/Pedofeature:  Common Fe-Mn staining, few hypocoatings, common crusts, very few brown  
   red clay coatings and infillings 
Bioturbation:  Few modern plant material  
Notes:   Localized hypocoatings compared to lower layers
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Sample:  BN10-20B     Catalogue Number: 2236 
 
Context:  E: Layer 0a     Slide Size: 51x76 mm  
V9, east of L. 408    Make: Spectrum Petrographic 
71.48 – 71.41 m asl 
Pedality: Irregular well separated blocky peds  Microstructure: Irregular blocky 
Porosity: Planar, channel, vughs, and packing voids  Sorting: Moderate  
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite; common quartz 
Sand  Common VFS quartz, few FS basalt and limestone 
Gravel:  Limestone  
Organic: Few shell and very few bone fragments, few phytoliths, coprolite fragment 
Anth:   Few chert flakes, possible plaster fragments, few FS charcoal, very few ashes 
 
Micromass:       RD: Porphyric 
Color:  Reddish-brown (5YR 4/6); pale brown (10YR 6/3)  
b-Fabric: Undifferentiated / calcitic-crystallic 
Post-dep,/Pedofeature:  Common carbonate nodules, few concretions and hypocoatings. Common brown  
   clay coatings. Few Fe-Mn staining, Well developed concretion at the base. 
Bioturbation:  Few modern plant material, large insect channel 
Notes:   Vertic archaeological layer disturbed by bioturbation and carbonate growth 
 
 
 
 
Sample:  BN10-20C.i     Catalogue Number: 2236 
 
Context:  E: Layer 0a / I     Slide Size: 51x76 mm  
V9, east of L. 408, west of Structure 306  Make: Spectrum Petrographic 
71.43 – 71.35 m asl 
Pedality: Massive blocky     Microstructure: Massive blocky 
Porosity: Well-separated planar voids, vughs, channels Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite; few quartz 
Sand  Common VFS quartz, CS limestone 
Gravel:  Limestone  
Organic: Few shell and bone fragments and common eggshell fragments, very few 
phytoliths 
Anth:   Few charcoal, few F CS chert flakes 
 
Micromass:       RD: Porphyric 
Color:  Reddish-yellow (5YR 6/6), pale brown (10YR 6/3)   
b-Fabric: Undifferentiated / calcitic-crystallic 
Post-dep,/Pedofeature:  Common carbonate nodules, common concretions and hypocoatings. Yellow-
red clay coating; Fe-Mn staining.  
Bioturbation:  Very few modern plant material, passage features 
Notes:   Growing carbonatic impregnation.  Base of 0a layer resting on the more 
carbonatic Layer I.
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Sample:  BN10-20C.ii     Catalogue Number: 2236 
 
Context:  E: Layer I     Slide Size: 51x76 mm  
V9, east of L. 408, west of Structure 306  Make: Spectrum Petrographic 
71.43 – 71.35 m asl 
Pedality: Massive, blocky peds, some granules  Microstructure: Blocky 
Porosity: Planar and packing voids    Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite; few quartz 
Sand  Common VFS calcite and few quartz, few FS basalt  
Gravel:  Tufa  
Organic: Few shell and bone fragments and very few eggshell fragments, common 
phytoliths 
Anth:   Common FS charcoal and ashes, very few chert 
 
Micromass:       RD: Porphyric 
Color:  Reddish-yellow (5YR 6/6), pale brown (10YR 6/3)   
b-Fabric: Undifferentiated / calcitic-crystallic 
Post-dep,/Pedofeature:  Well developed carbonate impregnations.  Common crusts and nodules, 
localized decalcification.  Well developed Fe-Mn staining. 
Bioturbation:  None 
Notes: Very strong calcite precipitation surrounding ash and tufa.   
 
 
 
 
 
Sample:  BN10-20D     Catalogue Number: 2236 
 
Context:  E: Layer I     Slide Size: 51x76 mm  
V9, west of Structure 306    Make: Spectrum Petrographic 
71.37 – 71.30 m asl 
Pedality: Poorly separated blocky peds   Microstructure: Massive / blocky 
Porosity: Channel, planar, vughs    Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite; few quartz 
Sand  Common VFS calcite and few quartz, very few FS basalt  
Gravel:  Limestone 
Organic: Few shell and bone fragments, fishbone, few phytoliths and algae 
Anth:   Common FS charcoal and ashes, few chert 
 
Micromass:       RD: Porphyric 
Color:  Pale brown (10YR 6/3)   
b-Fabric: Undifferentiated / calcitic-crystallic 
Post-dep,/Pedofeature:  Common calcite features, and silty brown clay coatings.  Localized 
decalcification.  Few Fe-Mn staining and mottling. 
Bioturbation:  Few roots and plant matter, passage features. 
Notes: Reworked archaeological layer.  Some donated silty peds.  Very slight 
pedogenic alteration.  
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Sample:  BN11-08     Catalogue Number: 2411 
 
Context:  E: Layer I     Slide Size: 51x76 mm  
V9b, east of Structure 306    Make: Quality Thin Section 
71.42– 71.31 m asl 
Pedality: Irregular subangular to columnar blocky  Microstructure: Blocky / Massive 
Porosity:  Poor acc. planar, vughs, channels   Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite; few quartz 
Sand Common calcite, few VFS quartz, and CS calcite  
Gravel:  Limestone 
Organic: Few weathered bone and shell, few coprolite fragments 
Anth:   Very rare charcoal, few burnt clay 
 
Micromass:       RD: Porphyric 
Color:  Yellow (10YR 7/6); very pale brown (10YR 7/4)  
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common hypocoatings and Fe-Mn staining, very few brown clay coatings; 
aggregate of gypsum crystals.  An area of brown clay concentration at the base 
of a columnar ped. 
Bioturbation:  Few roots and plant matter. 
Notes: Reworked archaeological deposit with pedogenic alterations.  
 
 
 
 
 
Sample:  BN11-09.i     Catalogue Number: 2417 
 
Context:  E: Layer I     Slide Size: 51x76 mm  
V10d, east of Structure 306   Make: Quality Thin Section 
71.37– 71.29 m asl 
Pedality: Poorly separated subangular blocky   Microstructure: Blocky / Massive 
Porosity:  Planar, channels, vughs    Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite; common quartz 
Sand Frequent VFS calcite, common VFS quartz and CS calcite, very few FS basalt 
Gravel:  Limestone 
Organic: Few weathered bone and shell, common coprolite fragments and phytoliths 
Anth:  Common FS charcoal and ashes, few chert flakes, few burnt clay and adobe 
fragments.  Small plaster fragment. 
 
Micromass:       RD: Porphyric 
Color:  Yellow (10YR 7/6); very pale brown (10YR 7/4)  
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Few hypocoatings and common Fe-Mn staining, few yellow-red clay coatings. 
Bioturbation:  Passage feature 
Notes: Fragments of silt crusts.  Reworked archaeological deposit, or a dump of 
material.  Slight pedogenic alteration.
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Sample:  BN11-09.ii     Catalogue Number: 2417 
 
Context:  E: Layer I     Slide Size: 51x76 mm  
V10d, east of Structure 306   Make: Quality Thin Section 
71.37– 71.29 m asl 
Pedality: Moderately separated subangular blocky  Microstructure: Blocky / Massive 
Porosity:  Planar, channels, vughs    Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite; few quartz 
Sand Frequent VFS calcite, common VFS quartz and CS calcite 
Gravel:  Limestone 
Organic: Few weathered bone and shell, few coprolite fragments and phytoliths, very few 
algae 
Anth:  Common FS charcoal and ashes, few chert flakes, few burnt clay and adobe 
fragments.  Small plaster fragment. 
 
Micromass:       RD: Porphyric 
Color:  Yellow (10YR 7/6); very pale brown (10YR 7/4)  
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Few hypocoatings and common Fe-Mn staining, isolated FS gypsum crystals 
Bioturbation:  Passage feature 
Notes: Fragments of silt crusts.  Reworked archaeological deposit, or a dump of 
material.  Slight pedogenic alteration. 
 
 
 
 
Sample:  BN11-10A     Catalogue Number: 2412.2 
 
Context:  E: Layer I     Slide Size: 27x46 mm  
S10a, Locus 320     Make: Quality Thin Section 
71.27– 71.21 m asl 
Pedality: Large irregular blocky peds, crumbs  Microstructure: Irregular blocky 
Porosity:  Planar, channels, vughs, and complex packing Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite; few quartz 
Sand Common VFS calcite, very few VFS quartz, and few basalt 
Gravel:  Limestone 
Organic: Few weathered bone and eggshell, microfauna bone, few coprolite fragments 
and phytoliths 
Anth:  Common FS charcoal, few ashes, chert flakes, few burnt clay fragments. 
 
Micromass:       RD: Porphyric 
Color:  Reddish-yellow (7.5YR 7/6)  
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Frequent hypocoatings and brown-red clay coatings on rounded grains.  
Common Fe-Mn staining.  Fibrous apatite crystals growing in a void. 
Bioturbation:  Few plant materials, passage feature 
Notes: Fragments of silt crusts.  Living surface, possible crystallization of liquid waste 
and signs of sweeping.
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Sample:  BN11-10B     Catalogue Number: 2412.2 
Context:  E: Layer I     Slide Size: 27x46 mm  
S10a, Locus 320     Make: Quality Thin Section 
71.27– 71.21 m asl 
Pedality: Crumbs and irregular blocky peds   Microstructure: Crumbly / Blocky 
Porosity:  Planar, channels, vesicles, and vughs  Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite; very few quartz 
Sand Common VFS calcite, few VFS and FS quartz, and weathered basalt.  Rounded 
FS crumbs of groundmass. 
Gravel:  Limestone 
Organic: Common shell and few weathered bone and eggshell, few coprolite fragments 
and phytoliths 
Anth:  Common FS charcoal and ashes, chert flakes, few burnt clay fragments and 
adobe fragments 
 
Micromass:       RD: Porphyric 
Color:  Reddish-yellow (7.5YR 7/6)  
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Frequent hypocoatings and brown-red clay coatings on rounded grains.  
Common Fe-Mn staining.   
Bioturbation:  Few plant materials, passage feature 
Notes: Fragments of silt crusts.  Living surface and signs of sweeping. 
 
 
 
Sample:  BN11-10C     Catalogue Number: 2412.2 
 
Context:  E: Layer I     Slide Size: 27x46 mm  
S10a, Locus 320     Make: Quality Thin Section 
71.27– 71.21 m asl 
Pedality: Crumbs and irregular blocky peds   Microstructure: Crumbly / Blocky 
Porosity:  Planar, channels, vesicles, and vughs  Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite; very few quartz 
Sand Common VFS calcite, few VFS and FS quartz, and weathered basalt 
Gravel:  Limestone 
Organic: Common shell and few weathered bone and eggshell, few coprolite fragments 
and common phytoliths 
Anth:  Common FS charcoal and frequent ashes, chert flakes, few burnt clay fragments 
and adobe fragments 
 
Micromass:       RD: Porphyric 
Color:  Reddish-yellow (10YR 7/4)  
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Frequent hypocoatings and brown-red clay coatings on rounded grains.  
Common Fe-Mn staining.   
Bioturbation:  Few plant materials, passage feature 
Notes: Fragments of silt crusts.  Living surface and signs of sweeping.
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Sample:  BN12-03     Catalogue Number: 2601 
 
Context:  E: Layer I     Slide Size: 27x46 mm  
U8b, Locus 312     Make: Quality Thin Section 
71.44– 71.37 m asl 
Pedality: Irregularly blocky, with massive peds  Microstructure: Blocky 
Porosity:  Planar, channels, vesicles, and vughs  Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite and quartz 
Sand Common VFS calcite and quartz, few VFS and FS quartz, and weathered basalt 
Gravel:  Limestone 
Organic: Few weathered bone, shell, and eggshell, few coprolite fragments and common 
phytoliths 
Anth:  Common FS charcoal and frequent ashes, chert flakes, few burnt clay fragments 
and adobe fragments 
 
Micromass:       RD: Porphyric 
Color:  Reddish-yellow (10YR 7/4); pale brown (10YR 6/3)  
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common hypocoatings and brown-red clay coatings on rounded grains.  
Common Fe-Mn staining.   
Bioturbation:  Few plant materials, passage feature 
Notes: Clustered distributions of silt and sand.  Boundary of degraded brick mixing into 
the surrounding matrix. 
 
 
 
Sample:  BN12-05A.i     Catalogue Number: 2735 
 
Context:  E: Layer I/Ib     Slide Size: 51x76 mm  
S9c      Make: Quality Thin Section 
75.07 – 75.00 m asl 
Pedality: Sub-angular poorly separated blocky peds  Microstructure: Massive / Blocky 
Porosity: Planar, vughs, vesicles    Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, few quartz 
Sand  Frequent VFS calcite, few VFS quartz; few FS basalt; common CS quartz 
Gravel:  Rounded limestone 
Organic: Few bone and shell fragments, whole shells, few eggshell fragments; coprolite 
fragments. Frequent phytoliths and common algae. 
Anth:   Few chert flakes; common charcoal and ash clumps, adobe fragments 
 
Micromass:       RD: Porphyric 
Color:  Pale yellow (10YR 8/4), light brown (7.5YR 6/3)   
b-Fabric: Undifferentiated / calcitic-crystallic 
Post-dep,/Pedofeature:  Common hypocoatings; Few Fe-Mn nodules, few red-brown clay coatings 
Bioturbation:  Few modern plant material  
Notes: Few bands of quartz sand.  Numerous phytoliths, and coprolites.  Degraded 
adobe based sediment, slight pedogenic alteration.
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Sample:  BN12-05A.ii     Catalogue Number: 2735 
 
Context:  E: Layer I / Ib     Slide Size: 51x76 mm  
S9c      Make: Quality Thin Section 
75.07 – 75.00 m asl 
Pedality: Sub-angular blocky peds    Microstructure: Blocky / Crumbly 
Porosity: Planar, vughs, vesicles, complex packing voids Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, few quartz 
Sand  Frequent VFS calcite, few VFS quartz; few FS basalt; common CS quartz 
Gravel:  Rounded limestone 
Organic: Few bone and shell fragments, whole shells, few eggshell fragments; coprolite 
fragments. Frequent phytoliths and common algae. 
Anth:   Few chert flakes; common charcoal and ash clumps, adobe fragments 
 
Micromass:       RD: Porphyric 
Color:  Pale yellow (10YR 8/4), light brown (7.5YR 6/3)   
b-Fabric: Undifferentiated / calcitic-crystallic 
Post-dep,/Pedofeature:  Common hypocoatings; Few Fe-Mn nodules, few red-brown clay coatings.  
   Recrystallized spherulites. 
Bioturbation:  Few modern plant material  
Notes: Few bands of quartz sand.  Numerous phytoliths and coprolites.  This materials  
is sediment derived from degraded adobe, with slight pedogenic alteration. 
 
 
Sample:  BN12-05B.i     Catalogue Number: 2735 
 
Context:  E: Layer Ib     Slide Size: 51x76 mm  
S9c      Make: Quality Thin Section 
75.07 – 75.00 m asl 
Pedality: Sub-angular blocky peds, crumbs   Microstructure: Blocky / Crumbly 
Porosity: Planar, vughs, vesicles, complex packing voids Sorting: Moderate to Well 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, common quartz.   
Sand  Frequent VFS calcite, common VFS quartz; few FS basalt; few CS quartz. 
Gravel:  Rounded limestone 
Organic: Few bone and shell fragments, whole shells, few eggshell fragments; coprolite 
fragments. Frequent phytoliths and common algae. 
Anth:  Few chert flakes; common charcoal and ash clumps, adobe fragments, common 
burnt clay fragments (including clasts with quartz silt and sand coarse fractions) 
 
Micromass:       RD: Porphyric 
Color:  Light yellowish brown (10YR 5/6), light brown (7.5YR 6/3)   
b-Fabric: Undifferentiated / calcitic-crystallic 
Post-dep,/Pedofeature:  Common hypocoatings; Few Fe-Mn nodules, few red-brown clay coatings.  
   Recrystallized spherulites. 
Bioturbation:  Passage features present. 
Notes: Very similar to BN12-05A.ii, with higher degree of cementation.   Several well- 
sorted regions are found, including a silty clay clast similar to T6-B03, and a band of rounded quartz sand  
band.  This samples is reworked anthropogenic material, with possible fragments of crusts.
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Sample:  BN12-05B.ii     Catalogue Number: 2735 
 
Context:  E: Layer Ic     Slide Size: 51x76 mm  
S9c      Make: Quality Thin Section 
75.07 – 75.00 m asl 
Pedality: Sub-angular blocky peds, crumbs   Microstructure: Blocky 
Porosity: Planar, vughs, vesicles, complex packing voids Sorting: Moderate to well 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, common quartz 
Sand  Frequent VFS calcite, common VFS quartz; few FS basalt; few CS quartz 
Gravel:  Rounded limestone 
Organic: Few bone and shell fragments, whole shells, few eggshell fragments; coprolite 
fragments. Frequent phytoliths and common algae. 
Anth:   Few chert flakes; common charcoal and ash clumps, adobe fragments 
 
Micromass:       RD: Porphyric 
Color:  Light yellowish brown (10YR 5/6), light brown (7.5YR 6/3)   
b-Fabric: Undifferentiated / calcitic-crystallic 
Post-dep,/Pedofeature:  Common hypocoatings; Few Fe-Mn nodules, few red-brown clay coatings.  
   Recrystallized spherulites. 
Bioturbation:  None  
Notes: Much the same components as 12-05B.i, but with a different microstructure.  A  
higher degree of cementation that 12-05B.i.  More fragments of sorted clasts.  This is the boundary with  
Layer Ic. 
 
 
Sample:  BN12-05C     Catalogue Number: 2735 
 
Context:  E: Layer Ic     Slide Size: 51x76 mm  
S9c      Make: Spectrum Petrographic 
75.07 – 75.00 m asl 
Pedality: Blocky, massive peds    Microstructure: Massive / Blocky 
Porosity: Planar, vughs, vesicles, channel    Sorting: Moderate to well 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, common quartz 
Sand  Frequent VFS calcite, common VFS quartz; few FS basalt; few CS quartz 
Gravel:  Rounded limestone 
Organic: Few bone and shell fragments, whole shells, fragments; coprolite fragments. 
Frequent phytoliths and common algae. 
Anth:   Few chert flakes; common charcoal and ash clumps, adobe fragments, common  
  burnt clay fragments (including clasts with quartz silt and sand coarse fractions) 
 
Micromass:       RD: Porphyric 
Color:  Light yellowish brown (10YR 5/6), light brown (7.5YR 6/3)   
b-Fabric: Undifferentiated / calcitic-crystallic 
Post-dep,/Pedofeature:  Frequent hypocoatings; Few Fe-Mn nodules, few red-brown clay coatings.  
   Recrystallized spherulites. 
Bioturbation:  None  
Notes: Much the same components as -05A / B.  Highly cemented.  Several fragments  
of sorted crusts..  This is the top of Layer Ic. 
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Sample:  BN12-07A     Catalogue Number: 2735 
 
Context:  E: Layer I     Slide Size: 27x46 mm  
Q9b, L. 324 / L. 328    Make: Simon Fraser University 
71.14 – 71.09 m asl 
Pedality: Massive      Microstructure: Massive  
Porosity: Unaccommodating planar, vughs, packing voids  Sorting: Moderate to well 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, few quartz 
Sand  Common VFS calcite, few VFS quartz; common FS-CS quartz basalt 
Gravel:  Frequent limestone pebbles, few basalt pebbles.  Some show signs of trampling. 
Organic: Few bone and shell fragments (some trampled), whole shells.  Common 
phytoliths and algae. 
Anth:   Few chert flakes; few charcoal and ashes, common burnt clay fragments below  
  the floor.  Possible compacted adobe below the pebble floor layer. 
 
Micromass:       RD: Porphyric 
Color:  Pale brown (10YR 6/3)   
b-Fabric: Undifferentiated  
Post-dep,/Pedofeature:  Frequent hypocoatings.  Common calcite pendants on the floor pebbles.   
   Common Fe-Mg staining. 
Bioturbation:  Vegetal matter 
Notes: Pebble floor layer.  The pebbles are slightly disturbed, but they still maintain a  
loose orientation. The pebbles were not cemented or placed in clay, but well developed hypocoatings and  
pendants have formed.   
 
Sample:  BN12-07B     Catalogue Number: 2735 
Context:  E: Layer I     Slide Size: 27x46 mm  
Q9b, L. 324 / L. 328    Make: Simon Fraser University 
71.12 – 71.07 m asl 
Pedality: Massive      Microstructure: Massive  
Porosity: Unaccommodating planar, vughs, packing voids  Sorting: Moderate to well 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, few quartz 
Sand  Common VFS calcite, few VFS quartz; common FS-CS quartz basalt 
Gravel:  Frequent platy limestone pebbles, few basalt pebbles.  Some show signs of  
  trampling. 
Organic: Few bone and shell fragments (some trampled), whole shells.  Common 
phytoliths and algae. 
Anth:   Few chert flakes; charcoal and ashes within the floor, common charcoal sand 
sized charcoal below the surface.  Burnt clay fragments are common below the floor.  Burnt adobe or daub, 
containing burnt chaff, are below / within the floor.  Possible compacted adobe below the floor layer. 
Micromass:       RD: Porphyric 
Color:  Pale brown (10YR 6/3)   
b-Fabric: Undifferentiated  
Post-dep,/Pedofeature:  Frequent hypocoatings.  Common calcite pendants on the floor pebbles.   
   Common Fe-Mg staining. 
Bioturbation:  Vegetal matter 
Notes: Pebble floor layer.  The pebbles are slightly disturbed, but they still maintain a  
loose orientation. The pebbles were not cemented or placed in clay, but well developed hypocoatings and  
pendants have formed.  The underlying layer is well cemented, and similar to Layer Ib.  
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Sample:  BN12-08A     Catalogue Number: 2807 
 
Context:  E: Layer Ic     Slide Size: 51x76 mm 
V9c, L. 335 / L. 326    Make: Spectrum Petrographics 
71.21 – 71.13 m asl 
Pedality: Subangular irregular blocky   Microstructure: Blocky  
Porosity: Vughs, thin oriented channels, rare vesicles   Sorting: Well 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, few quartz 
Sand  Common VFS calcite, few VFS quartz, and few FS basalt 
Gravel:  Limestone  
Organic: Few bone fragments, very few shell and eggshell fragments Common phytoliths. 
Anth:  Few chert flakes; common VFS charcoal, few FS charcoal, frequent ashes.  
Common burnt clay grains. 
 
Micromass:       RD: Porphyric 
Color:  Light pale brown (10YR 6/3); yellowish-red (5YR 5/6)   
b-Fabric: Undifferentiated / Calcitic crystallic 
Post-dep,/Pedofeature:   Common Fe-Mg staining around voids, common hypocoatings.  Few reddish- 
   yellow clay coatings. 
Bioturbation:  Vegetal matter, passage features. 
Notes: A few peds of well sorted silt.  Common adobe structure at the top, loses its porosity somewhat 
towards the bottom.  The material is adobe. 
 
 
Sample:  BN12-08B     Catalogue Number: 2807 
 
Context:  E: Layer Ic     Slide Size: 51x76 mm 
V9c, L. 335 / L. 326    Make: Spectrum Petrographics 
71.19 – 71.11 m asl 
Pedality: Subangular irregular blocky   Microstructure: Blocky  
Porosity: Vughs, thin oriented channels, rare vesicles   Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, few quartz 
Sand  Common VFS calcite, few VFS quartz, and few FS basalt 
Gravel:  Single limestone gravel grain at the base. 
Organic: Few bone fragments, very few shell and eggshell fragments Common phytoliths. 
Anth:  Few chert flakes; common VFS charcoal, few FS charcoal, frequent ashes.  
Common burnt clay grains. 
 
Micromass:       RD: Porphyric 
Color:  Light pale brown (10YR 6/3); yellowish-red (5YR 5/6)   
b-Fabric: Undifferentiated / Calcitic crystallic 
Post-dep,/Pedofeature:   Common Fe-Mg staining around voids, common hypocoatings.  Few reddish- 
   yellow clay coatings.  Red-yellow clay coating along the limestone gravel. 
Bioturbation:  Vegetal matter, passage features. 
Notes: Many peds of well-sorted silt in the matrix.  Common adobe porosity is less  
clear than in -08A, perhaps from pugging or being compressed against the stones.   The material is adobe,  
likely pressed against the wall stone while it was moist. 
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Sample:  BN12-10A.i     Catalogue Number: 2835 
 
Context:  E: Layer Ib / Ic     Slide Size: 51x76 mm 
V9b      Make: Quality Thin Section 
71.19 – 71.11 m asl 
Pedality: Moderately separated subangular/subrounded blocky Microstructure: Blocky / Massive 
Porosity: Vughs, oriented channels, planar, intrapedal vesicles  Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, few quartz 
Sand  Common VFS calcite, few VFS quartz, and few FS basalt 
Gravel:  Few angular limestone gravel 
Organic: Few bone fragments, very few shell fragments.  Frequent phytoliths and 
common algae.   
Anth:  Few chert flakes; common VFS charcoal, few FS charcoal, frequent ashes.  
Common burnt clay grains. 
 
Micromass:       RD: Porphyric 
Color:  Very pale brown (10YR 7/3); yellow (10YR 7/8)   
b-Fabric: Undifferentiated  
Post-dep,/Pedofeature:   Common Fe-Mg staining around voids, common hypocoatings.  Very few 
reddish-yellow clay coatings.  Slight localized decalcification. 
Bioturbation:  Vegetal matter, passage features. 
Notes: Relatively massive with thin, platy voids.  Several domains of linear distribution  
of sandy grains, and oriented voids.  Degraded adobe, with some of the original structure surviving.   
 
 
Sample:  BN12-10A.i     Catalogue Number: 2835 
 
Context:  E: Layer Ib / Ic     Slide Size: 51x76 mm 
V9b      Make: Quality Thin Section 
71.19 – 71.11 m asl 
Pedality: Moderately separated subangular/subrounded blocky Microstructure: Blocky / Massive 
Porosity: Vughs, oriented channels, planar, intrapedal vesicles  Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, few quartz 
Sand  Common VFS calcite, few VFS quartz, and few FS basalt 
Gravel:  Few angular limestone gravel 
Organic: Few bone fragments, very few shell fragments.  Frequent phytoliths and 
common algae.   
Anth:  Few chert flakes; common VFS charcoal, few FS charcoal, frequent ashes.  
Common burnt clay grains. 
 
Micromass:       RD: Porphyric 
Color:  Very pale brown (10YR 7/3); yellow (10YR 7/8)   
b-Fabric: Undifferentiated  
Post-dep,/Pedofeature:   Common Fe-Mg staining around voids, common hypocoatings.  Very few 
reddish-yellow clay coatings.  Slight localized decalcification. 
Bioturbation:  Vegetal matter, passage features. 
Notes: Relatively massive with thin, platy voids.  Several domains of linear distribution  
of sandy grains, and oriented voids.  Degraded adobe, with some of the original structure surviving.  
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Sample:  BN12-10B     Catalogue Number: 2835 
 
Context:  E: Layer Ib/Ic     Slide Size: 51x76 mm 
V9b      Make: Quality Thin Section 
71.19 – 71.11 m asl 
Pedality: Moderately separated subangular/subrounded blocky Microstructure: Blocky 
Porosity: Vughs, oriented channels, planar, intrapedal vesicles  Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, few quartz 
Sand  Common VFS calcite, few VFS quartz, and few FS basalt 
Gravel:  Few angular limestone gravel 
Organic: Few bone fragments, very few shell fragments.  Dominant phytoliths and 
common algae.   
Anth:  Few chert flakes; common VFS charcoal, few FS charcoal, frequent ashes.  
Common burnt clay grains. 
 
Micromass:       RD: Porphyric 
Color:  Very pale brown (10YR 7/3); yellow (10YR 7/8)   
b-Fabric: Undifferentiated  
Post-dep,/Pedofeature:   Common Fe-Mg staining around voids, common hypocoatings.  Very few 
reddish-yellow clay coatings.  Slight localized decalcification. 
Bioturbation:  Vegetal matter, modern roots, passage features. 
Notes: Relatively massive with thin, platy voids.  Possible trampling in areas.  Several  
domains of linear distribution of sandy grains, and oriented voids.  Degraded adobe, with some of the  
original structure surviving.   
 
Sample:  BN12-12A.i     Catalogue Number: 2918 
 
Context:  E: Layer Ib     Slide Size: 51x76 mm 
T10d, L. 329     Make: Quality Thin Section 
71.19 – 71.12 m asl 
Pedality: Subangular blocky    Microstructure: Massive / Blocky 
Porosity: Vughy, packing      Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt:  Frequent calcite, few quartz 
Sand: Common VFS calcite, few VFS quartz, very few FS/CS quartz and basalt.  
Isolated gypsum crystals. 
Gravel:  Few angular limestone gravel 
Organic: Very few bone fragments, few shell fragments.  Common phytoliths. 
Anth:  Very few chert flakes; very few VFS charcoal, few FS charcoal, very few ashes.  
Few burnt clay grains. 
Micromass:       RD: Porphyric 
Color:  Brownish yellow (10YR 6/8)  
b-Fabric: Undifferentiated / calcitic-crystallic 
Post-dep,/Pedofeature:  Few hypocoatings, several pendants on grains.  Few Fe-Mg staining around 
voids.  Very few reddish-yellow clay coatings.   
Bioturbation:  Passage features. 
Notes:   The massive quality to this column differs from some other Ib fabrics, and may  
relate to packing from the use of the space during the Layer I phase, although trampling is not evident.  The 
post-depositional and textural features display a complex hierarchy of processes. 
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Sample:  BN12-12A.ii     Catalogue Number: 2918 
 
Context:  E: Layer Ib     Slide Size: 51x76 mm 
T10d, L. 329     Make: Quality Thin Section 
71.19 – 71.12 m asl 
Pedality: Subangular blocky    Microstructure: Crumbly/Massive 
Porosity: Vughy, packing      Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, very few quartz 
Sand  Common VFS calcite, few VFS quartz, very few FS/CS quartz and basalt 
Gravel:  Few angular limestone gravel 
Organic: Very few bone fragments, few shell fragments.  Common phytoliths. 
Anth:  Very few chert flakes; very few VFS charcoal, few FS charcoal, very few ashes.  
Few burnt clay grains. 
 
Micromass:       RD: Porphyric 
Color:  Brownish yellow (10YR 6/8)  
b-Fabric: Undifferentiated / calcitic-crystallic 
Post-dep,/Pedofeature:  Few hypocoatings.  Few Fe-Mg staining around voids.  Very few reddish-yellow 
clay coatings. Slight localized decalcification. 
Bioturbation:  Passage features. 
Notes: Disturbed areas within the sample. 
 
 
 
 
Sample:  BN12-12B.i     Catalogue Number: 2918 
 
Context:  E: Layer Ib     Slide Size: 51x76 mm 
T10d, L. 329     Make: Quality Thin Section 
71.14 – 71.07 m asl 
Pedality: Subangular blocky    Microstructure: Massive / Blocky 
Porosity: Vughy, packing      Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, few quartz 
Sand  Common VFS calcite, few VFS quartz, very few FS/CS quartz and basalt 
Gravel:  Few angular limestone gravel 
Organic: Very few bone fragments, few shell fragments.  Common phytoliths. 
Anth:  Very few chert flakes; very few VFS charcoal, few FS charcoal, very few ashes.  
Few burnt clay grains. 
 
Micromass:       RD: Porphyric 
Color:  Brownish yellow (10YR 6/8)  
b-Fabric: Undifferentiated / calcitic-crystallic 
Post-dep,/Pedofeature:  Few hypocoatings, several pendants on grains.  Few Fe-Mg staining around 
voids.  Very few reddish-yellow clay coatings. Slight localized decalcification. 
Staining along ped upper surfaces. 
Bioturbation:  Passage features. 
Notes: Some clustered distribution.  Disturbed areas within the sample.
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Sample:  BN12-12B.ii     Catalogue Number: 2918 
 
Context:  E: Layer Ic     Slide Size: 51x76 mm 
T10d, L. 329     Make: Quality Thin Section 
71.14 – 71.07 m asl 
Pedality: Subangular blocky    Microstructure: Massive / Blocky 
Porosity: Vughy, packing, some vesicles    Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, few quartz 
Sand  Common VFS calcite, few VFS quartz, very few FS/CS quartz and basalt 
Gravel:  Few angular limestone gravel 
Organic: Very few bone fragments, few shell fragments.  Common phytoliths. 
Anth:  Very few chert flakes; very few VFS charcoal, few FS charcoal, very few ashes.  
Few burnt clay grains. 
 
Micromass:       RD: Porphyric 
Color:  Brownish yellow (10YR 6/8)  
b-Fabric: Undifferentiated / calcitic-crystallic 
Post-dep,/Pedofeature:  Few hypocoatings, several pendants on grains.  Few Fe-Mg staining around 
voids.  Very few reddish-yellow clay coatings. Slight localized decalcification.  
Bioturbation:  Passage features. 
Notes: Some clustered distribution.   Fragment of crust with vesicles, which may  
indicate a reworked surface. 
 
 
 
 
Sample:  BN12-14B.i     Catalogue Number: 2977 
 
Context:  E: Layer I / Ib     Slide Size: 51x76 mm 
U8d, L. 350     Make: Spectrum Petrographics 
71.24 – 71.18 m asl 
Pedality: Subangular blocky    Microstructure: Massive 
Porosity: Vughs       Sorting: Unsorted 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant quartz 
Sand  Very dominant quartz, very few igneous grains 
Gravel:  None 
Organic: None 
Anth:  None 
 
Micromass:       RD: Porphyric 
Color:  Light gray (10YR 7/2); very pale brown (10YR 7/4)  
b-Fabric: Calcitic-crystallic 
Post-dep,/Pedofeature:  Slight localized decalcification 
Bioturbation:  Passage features. 
Notes:  Sandy quartz-rich micritic – plaster-like construction material.  Some areas are  
slightly decalcified.  Possibly made of calcareous mud.  Floor material, or floor 
preparation material? 
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Sample:  BN12-14B.ii     Catalogue Number: 2977 
 
Context:  E: Layer Ib     Slide Size: 51x76 mm 
U8d, L. 350     Make: Spectrum Petrographics 
71.24 – 71.18 m asl 
Pedality: Subangular blocky    Microstructure: Blocky 
Porosity: Vughs, vesicles       Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, common quartz 
Sand  Frequent calcite, common quartz, very few CS basalt 
Gravel:  Few limestone grains 
Organic: Common bone fragments, few shell fragments, very few eggshell.  Few 
phytoliths. 
Anth:  Few chert flakes; few FS charcoal, few ashes. 
 
Micromass:       RD: Porphyric 
Color:  Brownish yellow (10YR 6/8); very pale brown (10YR 7/4)  
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common hypocoatings, few concretions, and few Fe-Mn staining and nodules 
Slight localized decalcification 
Bioturbation:  Passage features, modern vegetal material. 
Notes:  Remixed anthropogenic accumulation.  Similar to Layer Ib. 
 
 
 
 
 
Sample:  BN12-16A.i     Catalogue Number: 2983 
 
Context:  E: Layer Ib / Ic     Slide Size: 51x76 mm 
S10a      Make: Quality Thin Section 
71.14 – 71.07 m asl 
Pedality: Single blocky ped    Microstructure: Blocky 
Porosity: Vughs, vesicles, fissures     Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, few quartz 
Sand  Common calcite, few quartz, very few CS basalt 
Gravel:  Few limestone grains 
Organic: Very few bone and shell fragments.  Common phytoliths. 
Anth:  Very few chert flakes; few FS charcoal, common ashes. 
 
Micromass:       RD: Porphyric 
Color:  Brownish yellow (10YR 7/2); yellow (10YR 7/6)  
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Frequent hypocoatings, few concretions, few Fe-Mn staining and nodules, slight 
localized decalcification 
Bioturbation:  Passage features, modern vegetal material. 
Notes: Single blocky ped may indicate the top of Ic.  Possible surface area with vesicles 
 and fissures, but lacking signs of trampling. 
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Sample:  BN12-16A.ii     Catalogue Number: 2983 
 
Context:  E: Layer Ic     Slide Size: 51x76 mm 
S10a      Make: Quality Thin Section 
71.14 – 71.07 m asl 
Pedality: Subangular blocky    Microstructure: Blocky 
Porosity: Vughs, vesicles, fissures     Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, few quartz 
Sand  Common calcite, few quartz, very few CS basalt 
Gravel:  Few limestone grains 
Organic: Very few bone and shell fragments, few eggshell.  Few phytoliths. 
Anth:  Very few chert flakes; few FS charcoal, few ashes. 
 
Micromass:       RD: Porphyric 
Color:  Brownish yellow (10YR 7/2); yellow (10YR 7/6)  
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Frequent hypocoatings, few concretions, few Fe-Mn staining and nodules, slight 
localized decalcification 
Bioturbation:  Passage features 
Notes: Mixed Layer Ic material.   
 
 
 
Sample:  BN12-16B     Catalogue Number: 2983 
 
Context:  E: Layer Ic     Slide Size: 51x76 mm 
S10a      Make: Quality Thin Section 
71.08 – 71.01 m asl 
Pedality: Poorly separately subangular blocky  Microstructure: Blocky / crumbly 
Porosity: Vughs, vesicles, fissures     Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, few quartz 
Sand  Common calcite, few quartz, very few CS basalt 
Gravel:  Few limestone grains 
Organic: Few bone and shell fragments, few eggshell.  Few phytoliths. Coprolite 
fragments 
Anth:  Few chert flakes; very few FS charcoal, few ashes.   Fragments of adobe. 
 
Micromass:       RD: Porphyric 
Color:  Brownish yellow (10YR 6/8); very pale brown (10YR 7/4)  
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Frequent hypocoatings, few concretions, common Fe-Mn staining and nodules, 
slight localized decalcification.   
Bioturbation: Passage features, few loose discontinuous calcite infilling within some channel 
voids (earthworm casts) 
Notes: Silty clasts are mixed into the matrix.  Clasts with vesicles are present, some  
which appear to be crust fragments.  Coprolite fragments and isolated calcite spherulites are found within  
the matrix.   Reworked surface layer. 
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Sample:  BN12-16C     Catalogue Number: 2983 
 
Context:  E: Layer Ic     Slide Size: 51x76 mm 
S10a      Make: Spectrum Petrographics 
71.04 – 70.97 m asl 
Pedality: Weakly separated angular/subrounded blocky, crumbsMicrostructure: Blocky / crumbly 
Porosity: Vughs, planar, fissures     Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, common quartz 
Sand  Common calcite and quartz VFS, few CS basalt 
Gravel:  Few limestone grains  
Organic: Few bone and shell fragments, Frequent phytoliths and algae. Coprolite 
fragments 
Anth:  Few chert flakes; common charcoal and ashes.   Fragments of adobe. 
 
Micromass:       RD: Porphyric / Enaulic 
Color:  Very pale brown (10YR 7/2)  
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Frequent hypocoatings, few concretions, common Fe-Mn staining and nodules, 
slight localized decalcification.   
Bioturbation: Passage feature. 
Notes: Silty clasts are mixed into the matrix.  Clasts with vesicles are present, some  
which appear to be crust fragments.  Coprolite fragments and isolated calcite spherulites are found within  
the matrix.  
 
 
Sample:  BN12-16D     Catalogue Number: 2983 
 
Context:  E: Layer Ic     Slide Size: 51x76 mm 
S10a      Make: Spectrum Petrographics 
70.99– 70.92 m asl 
Pedality: Weakly separated angular/subrounded blocky, crumbsMicrostructure: Blocky / crumbly 
Porosity: Vughs, planar, fissures     Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, few quartz 
Sand  Common calcite, few quartz VFS and CS basalt 
Gravel:  Few limestone grains  
Organic: Few bone and shell fragments, Few phytoliths. Coprolite fragments, some well 
preserved 
Anth:  Few chert flakes; common charcoal and ashes.   Fragments of adobe. 
 
Micromass:       RD: Porphyric / Enaulic 
Color:  Very pale brown (10YR 7/2)  
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Frequent hypocoatings, few concretions, common Fe-Mn staining and nodules, 
slight localized decalcification.   
Bioturbation: Passage features. 
Notes: Silty clasts are mixed into the matrix.  Clasts with vesicles are present, some  
which appear to be crust fragments.  Coprolite fragments and isolated calcite spherulites are found within  
the matrix.   Reworked surface layer. 
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Sample:  BN12-18A     Catalogue Number: 3043 
 
Context:  E: Layer Ib     Slide Size: 51x76 mm 
R10c, L. 338     Make: Spectrum Petrographics 
70.90– 70.83 m asl 
Pedality: Angular/subrounded blocky, massive peds   Microstructure: Blocky / crumbly 
Porosity: Vughs, planar, fissures     Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, few quartz 
Sand  Common calcite, few quartz VFS 
Gravel:  Few limestone grains  
Organic: Few bone and shell fragments, common phytoliths. 
Anth:  Few chert flakes; common charcoal and ashes.   Fragments of adobe. 
 
Micromass:       RD: Porphyric  
Color:  Very pale brown (10YR 8/4)  
b-Fabric: Calcitic-crystallic 
Post-dep,/Pedofeature:  Frequent hypocoatings, Fe-Mn staining and nodules, slight localized 
decalcification.   
Bioturbation: Passage features. 
Notes:   The material is very much like Ib, but contains more discrete brick and brick- 
like material than upper layers of the feature.  There are also no fragments of the cremation structure, which 
were expected.  If the feature was filled, it was done so with surrounding matrix. 
 
 
 
Sample:  BN12-18B     Catalogue Number: 3043 
 
Context:  E: Layer Ib     Slide Size: 27x46 mm 
R10c, L. 338     Make: Spectrum Petrographics 
70.83– 70.79 m asl 
Pedality: Angular/subrounded blocky, massive peds   Microstructure: Blocky / crumbly 
Porosity: Vughs, planar, vesicles fissures   Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, few quartz 
Sand  Common calcite, few quartz VFS 
Gravel:  Few limestone grains  
Organic: Few bone and shell fragments, common phytoliths. 
Anth:  Few chert flakes; common charcoal and ashes.   Fragments of adobe. 
 
Micromass:       RD: Porphyric  
Color:  Very pale brown (10YR 8/4)  
b-Fabric: Calcitic-crystallic 
Post-dep,/Pedofeature:  Frequent hypocoatings, Fe-Mn staining and nodules, slight localized 
decalcification.  Common clay coatings. 
Bioturbation: Passage features. 
Notes:   The material is very much like Ib, but contains more discrete adobe and adobe 
like material than upper layers of the feature.  There are also no fragments of the cremation structure, which 
were expected.  If the feature was filled, it was done so with surrounding matrix.   More frequent pores 
towards the top of the sample. 
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Sample:  BN12-19A     Catalogue Number: 3043 
 
Context:  E: Layer Ib     Slide Size: 51x76 mm 
R10b, L. 338     Make: Spectrum Petrographics 
70.99 –  70.93 m asl 
Pedality: Angular/subrounded blocky, massive peds   Microstructure: Blocky / crumbly 
Porosity: Vughs, planar, vesicles fissures    Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, few quartz 
Sand  Common calcite, few quartz VFS 
Gravel:  Few limestone grains  
Organic: Few bone and shell fragments, few phytoliths. 
Anth:  Few chert flakes; common charcoal and ashes.   Fragments of adobe. 
 
Micromass:       RD: Porphyric  
Color:  Very pale brown (10YR 8/4)  
b-Fabric: Calcitic-crystallic 
Post-dep,/Pedofeature:  Frequent hypocoatings, Fe-Mn staining and nodules, slight localized 
decalcification.  Common clay coatings. 
Bioturbation: Passage features. 
Notes:   The material had significant anthropogenic input, including adobe   
material, and looked very much like other Layer Ib samples.  Bioturbation is present.  There were no 
fragments of the cremation structure in the sample, despite the fact that sample was directly in contact with 
part of the structure. 
 
 
Sample:  BN12-19B     Catalogue Number: 3043 
 
Context:  E: Layer Ib     Slide Size: 51x76 mm 
R10b, L. 338     Make: Spectrum Petrographics 
70.98 –  70.92 m asl 
Pedality: Angular/subrounded blocky, massive peds   Microstructure: Blocky / crumbly 
Porosity: Vughs, planar, vesicles fissures    Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, few quartz 
Sand  Common calcite, few quartz VFS 
Gravel:  Few limestone grains  
Organic: Few bone and shell fragments, few phytoliths. 
Anth:  Few chert flakes; common charcoal and ashes.   Fragments of adobe. 
 
Micromass:       RD: Porphyric  
Color:  Very pale brown (10YR 8/4)  
b-Fabric: Calcitic-crystallic 
Post-dep,/Pedofeature:  Frequent hypocoatings, Fe-Mn staining and nodules, slight localized 
decalcification.  Common clay coatings. 
Bioturbation: Passage features. 
Notes:   The material had significant anthropogenic input, including adobe   
material, and looked very much like other Layer Ib samples.  Bioturbation is present.  There were no 
fragments of the cremation structure in the sample, despite the fact that sample was directly in contact with 
part of the structure.
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Sample:  BN12-20.i     Catalogue Number: 3045 
 
Context:  E: Layer Ic     Slide Size: 51x76 mm 
R9b      Make: Simon Fraser University 
70.93 – 70.90 m asl 
Pedality: Angular/subrounded blocky, massive peds   Microstructure: Massive 
Porosity: Vughs, channel voids     Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, few quartz 
Sand  Common calcite, few quartz VFS 
Gravel:  Few limestone grains  
Organic: Very few bone fragments, few phytoliths. 
Anth:  Common chert flakes; few charcoal and ashes.  Fragments of adobe. 
 
Micromass:       RD: Porphyric  
Color:  Reddish yellow (7.5YR 6/6) 
b-Fabric: Calcitic-crystallic 
Post-dep,/Pedofeature:  Frequent Fe-Mn staining and nodules, slight localized decalcification 
Bioturbation: Passage features. 
Notes:   The material is plaster-like, and is therefore similar to the other plaster-like  
samples.  Different compositions are noted – some areas are sandy, others are homogenous calcium 
carbonate. This material looks like it is extraneous or prep, rather than a surface. 
  
 
 
 
Sample:  BN12-20.ii     Catalogue Number: 3045 
 
Context:  E: Layer Ic     Slide Size: 51x76 mm 
R9b      Make: Simon Fraser University 
70.93 –  70.90 m asl 
Pedality: Angular/subrounded blocky, massive peds   Microstructure: Blocky 
Porosity: Vughs, channel. vesicles     Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, few quartz 
Sand  Common calcite, few quartz VFS 
Gravel:  Few limestone grains  
Organic: Common bone and shell fragments, few phytoliths. 
Anth:  Common chert flakes; few charcoal and ashes.  Fragments of adobe. 
 
Micromass:       RD: Porphyric  
Color:  Light gray (10YR 7/1)  
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Frequent hypocoatings, Fe-Mn staining and nodules, slight localized 
decalcification.  Common clay coatings. 
Bioturbation: Passage features. 
Notes:   Connection between soil and above plaster is accommodating.  Adobe is  
contained in this region. Appears to be a great deal of ash and carbonatic infillings and coatings.   
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Sample:  BN12-3049.3     Catalogue Number: 3049.3 
 
Context:  E: Layer Ib     Slide Size: 51x76 mm 
T8, L. 350     Make: Simon Fraser University 
70.92 – 70.86 m asl 
Pedality: Large grains     Microstructure: Granular/Massive 
Porosity: Packing voids, vughs, and planars   Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Few quartz 
Sand  Few VFS quartz, Very few CS quartz 
Gravel:  Limestone grains 
Organic: Very few bone and shell fragments, few phytoliths 
Anth:  Few charcoal fragments 
 
Micromass:       RD: Porphyric 
Color:  Light gray (10YR 7/1) 
b-Fabric: Calcitic-crystallic 
Post-dep,/Pedofeature:  Fe-Mn staining, very few reddish-brown coating 
Bioturbation: None 
Notes:   Aggregates of white plaster floor.  Little original structure remains, but no sign 
of a burnished top surface.  The carbonate nodules that became plaster are clearly limestone derived, with 
an oolitic limestone nodule present within the lime paste.  The plaster is not a solid piece, but rather 
aggregates and nodules of lime cemented to soil. 
 
 
 
 
Sample:  BN12-3049.5     Catalogue Number: 3049.4 
 
Context:  E: Layer Ib     Slide Size: 51x76 mm 
T8, L. 350     Make: Simon Fraser University 
70.92 – 70.86 m asl 
Pedality: Large grains     Microstructure: Massive 
Porosity: Vughs, vesicles, planars    Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Few quartz 
Sand  Few VFS quartz and igneous minerals, Very few CS quartz, 
Gravel:  Limestone grains 
Organic: Very few bones, common phytoliths 
Anth:  Few charcoal fragments, common ashes 
 
Micromass:       RD: Porphyric 
Color:  Light gray (10YR 7/1), Pink (7.5YR 8/3) 
b-Fabric: Calcitic-crystallic 
Post-dep,/Pedofeature:  Fe-Mn staining, very few reddish-brown coating 
Bioturbation: None 
Notes:   Aggregates of red/pink plaster floor.  The carbonate nodules that became plaster 
are clearly limestone derived.  There are faint borders between zones and different structure (pisoliths, for 
example) in some areas and vesicles in the calcitic gel. 
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Sample:  BN13-03A     Catalogue Number: 3159 
Context:  E: Layer 0 / 0a     Slide Size: 27x46 mm 
X9c, L. 369     Make: Simon Fraser University 
71.66 – 71.62 m asl 
Pedality: Transition from crumbly to blocky    Microstructure: Blocky 
Porosity: Vughs, channel, planar voids, fissures   Sorting: Poor 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, few quartz 
Sand  Few calcite quartz VFS, very few CS quartz grains 
Gravel:  Outside surface: Few limestone grains; Inside: Common limestone, basalt, chert 
burnt clay nodules  
Organic: Outside surface: Very few bone and shell fragments, few phytoliths. Inside: Few 
bone and shell fragments, trampled. 
Anth:  Very few chert flakes. 
Micromass:       RD: Porphyric  
Color:  Reddish-brown (5YR 5/4) 
b-Fabric: Undifferentiated 
Post-dep,/Pedofeature:  Common hypocoatings, low Fe-Mn staining, few clay coatings.  Pendants and 
clay coatings on the surface pebbles. 
Bioturbation: Passage features, modern vegetal 
Notes:   A clay-rich layer overlays locus 369, interpreted as a 0 to 0a mix.  What remains 
of the material indicates root growth. The sorting of the grains is likely a natural sorting as smaller 
fragments trickle through he gaps in the larger grains.  The larger grains that are found, however, exist 
towards the edge of the lens.  The surface does not appear to be heavily prepared. The variation in 
cementation suggests that the dissolved calcite does not travel far to the site of reprecipitation, thus 
cementation is more likely when calcium carbonate is already present.  The soil is particularly clay-rich, 
and much of it is of the same kind as the above 0a.   
 
Sample:  BN13-03B     Catalogue Number: 3159 
Context:  E: Layer 0a / I     Slide Size: 27x46 mm  
X9c, L. 369     Make: Simon Fraser University 
71.63 – 71.59 m asl 
Pedality: Subangular block (below surface)    Microstructure: Blocky 
Porosity: Vughs, channel, planar voids, fissures   Sorting: Poor 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Frequent calcite, few quartz 
Sand  Frequent calcite, few quartz VFS, very few CS quartz grains 
Gravel:  Inside surface: Common limestone, basalt, chert, and burnt clay nodules  
Organic: Few bone and shell fragments, few phytoliths. 
Anth:  Very few chert flakes, few charcoal, burnt adobe/daub/ceramic? 
Micromass:       RD: Porphyric  
Color:  Yellowish-brown (10YR 5/6) 
b-Fabric: Undifferentiated 
Post-dep,/Pedofeature:  Common hypocoatings and concretions, few clay coatings. 
Bioturbation: Passage features, modern vegetal 
Notes:   The direct contact between the locus and the -03B unit indicates that this matrix 
was present on the surface when Locus 369 was first created.  The unit is highly cemented, a stark contrast 
to the clayey material immediately above.  This is also quite different from the other units to contain 
portions of Locus 369.  The reason could be that ashes and lime material naturally, or through activity, was 
accumulated along the edges of the locus.  It is also likely that some of the clay material provided the base 
from most of the locus, except for the edges, owing to minor variations in the site topography.  
Alternatively, clay could have been laid down as a base, and this region lacked such a base. 
 	   392 
Sample:  BN13-04.i     Catalogue Number: 3170 
 
Context:  E: Layer 0a     Slide Size: 51x76 mm 
T7b, L. 334     Make: Simon Fraser University 
71.55 – 71.46 m asl 
Pedality: Massive       Microstructure: Massive 
Porosity: Vughs       Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Few quartz 
Sand  Very few VFS – CS quartz  
Gravel:  Very few chert, Common fragments of limestone 
Organic: Few bone and shell fragments, fractured 
Anth:  Very few charcoal 
 
Micromass:       RD: Porphyric  
Color:  Pink (7.5YR 8/3); pinkish gray (7.5YR 7/2) 
b-Fabric: Calcitic-crystallic 
Post-dep,/Pedofeature:  Slight pale brown clay coatings, Fe-Mn staining 
Bioturbation: None 
Notes:   Plaster surface, with gravel and chert mixed in, along with few fragments of 
bone and charcoal.  Color is reddish, with appears to mostly be from staining. 
 
 
Sample:  BN13-04.ii     Catalogue Number: 3170 
 
Context:  E: Layer 0a     Slide Size: 51x76 mm 
T7b, L. 334     Make: Simon Fraser University 
71.55 – 71.46 m asl 
Pedality: Irregular blocky and prismatic   Microstructure: Blocky 
Porosity: Vughs, vesicles, planar    Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, few quartz 
Sand  Common VFS calcite, few VFS quartz, very few FS – CS quartz  
Gravel:  Few chert, Common fragments of limestone 
Organic: Few bone and shell fragments, fractured; complete shell.  Coprolite fragments. 
Anth:  Very few charcoal, burnt clay with voids (ceramic?), few chert. 
 
Micromass:       RD: Porphyric  
Color:  Reddish-yellow (7.5YR 7/6) 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Slight pale brown clay coatings, Fe-Mn staining 
Bioturbation: Root activity 
Notes:   The porosity immediately under the plaster shows some similarity to a prepared 
surface (i.e., vesicles and horizontal planar voids), but they are not strongly presented.  As it was a known 
surface, it seems reasonable to assume that these had existed but have degraded through mechanical stress 
and bioturbation, which may also explain a lack of trampling evidence.  The micromass and post-
depositional features are all reminiscent of the disturbed cementation. This sample has more archaeological 
materials compared to other 0a samples, though these also look to be out of primary context.  Even beneath 
a surface, the number of passage features makes it highly likely that the material in this layer have been 
disturbed. 
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Sample:  BN13-05A     Catalogue Number: 3175 
 
Context:  E: Layer 0a     Slide Size: 51x76 mm 
R8b, L. 367     Make: Simon Fraser University 
71.41 – 71.34 m asl 
Pedality: Irregular blocky and prismatic   Microstructure: Blocky 
Porosity: Vughs, well-accommodating planar voids  Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, few quartz 
Sand  Common VFS calcite, few VFS quartz, isolated gypsum crystals 
Gravel:  Few chert, Common fragments of limestone 
Organic: Very few bone and shell fragments, fractured; complete shell.  Coprolite 
fragments. 
Anth:  Very few charcoal, few chert. 
 
Micromass:       RD: Porphyric  
Color:  Reddish-yellow (7.5YR 6/6); reddish-brown (5YR 5/4) 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common hypocoatings, slight pale brown clay coatings, Fe-Mn staining 
Bioturbation: Root activity 
Notes:   The sample looks like other 0a samples, but with high micrite and 
archaeological material.  The material below the pebble surface is similar to the construction of the 
platform as reported by Boness 2012, and could represent floor preparation. Typical 0a post-depositional 
features are found, such as the mottling of the matrix with carbonate nodules.   
 
 
 
Sample:  BN13-05B     Catalogue Number: 3175 
Context:  E: Layer 0a     Slide Size: 51x76 mm 
R8b, L. 367     Make: Simon Fraser University 
71.41 – 71.34 m asl 
Pedality: Irregular blocky and prismatic   Microstructure: Blocky 
Porosity: Vughs, well-accommodating planar voids  Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, few quartz 
Sand  Common VFS calcite, few VFS quartz, isolated gypsum crystals 
Gravel:  Few chert, Common fragments of limestone 
Organic: Very few bone and shell fragments, fractured; complete shell.  Coprolite 
fragments. 
Anth:  Very few charcoal, few chert 
 
Micromass:       RD: Porphyric  
Color:  Reddish-yellow (7.5YR 6/6); reddish-brown (5YR 5/4) 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common hypocoatings, slight pale brown clay coatings, Fe-Mn staining 
Bioturbation: Root activity 
Notes:   The sample looks like other 0a samples, but with high micrite and 
archaeological material.  The material below the pebble surface is similar to the construction of the 
platform as reported by Boness 2012, and could represent floor preparation. Typical 0a post-depositional 
features are found, such as the mottling of the matrix with carbonate nodules.  
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Sample:  BN13-08.i     Catalogue Number: 3181 
 
Context:  E: Layer Ib     Slide Size: 51x76 mm 
R10c, L. 338     Make: Simon Fraser University 
70.72 – 70.70 m asl 
Pedality: Massive      Microstructure: Massive 
Porosity: Vughs, vesicles, well-accommodating planar voids Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, common quartz 
Sand  Common VFS quartz 
Gravel:  None 
Organic: Very few bone and shell fragments, fractured;  
Anth:  Very few charcoal. 
 
Micromass:       RD: Porphyric  
Color:  Light gray (10YR 7/1); pale brown (10YR 6/3) 
b-Fabric: Calcitic-crystallic 
Post-dep,/Pedofeature:  Fe-Mn staining 
Bioturbation: Root activity 
Notes:   A piece of the structure towards the base of the locus.  It was unconnected to the 
main structure, and was interpreted as collapse.  Unlike other examples, there were also several grains of 
charcoal, and weathered bone and shell fragments.  These were all loosely cemented in a calcareous matrix. 
 
 
 
 
 
Sample:  BN13-08.ii     Catalogue Number: 3181 
 
Context:  E: Layer Ib     Slide Size: 51x76 mm 
R10c, L. 338     Make: Simon Fraser University 
70.72 – 70.70 m asl 
Pedality: Massive      Microstructure: Blocky / crumbly 
Porosity: Vughs, channel, planar voids   Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, few quartz 
Sand  Frequent VFS calcite, few VFS quartz 
Gravel:  Fragments of limestone 
Organic: Very few bone and shell fragments; common phytoliths 
Anth:  Few charcoal, coprolite fragments, common ashes. 
 
Micromass:       RD: Porphyric  
Color:  Very pale brown (10YR 7/4) 
b-Fabric: Calcitic-crystallic 
Post-dep,/Pedofeature:  Common cementation and hypocoatings; Fe-Mn staining 
Bioturbation: Root activity 
Notes:   The matrix outside of the structure is very ashy, and may include signs of 
bioturbation, though the cremation remains are not clearly disturbed themselves.
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Sample:  BN13-12A     Catalogue Number: 3194 
 
Context:  E: Layer Ib / Ic     Slide Size: 51x76 mm 
U10a, L. 301 / 373    Make: Simon Fraser University 
70.84 – 70.79 m asl 
Pedality: Irregular subangular blocky   Microstructure: Blocky 
Porosity: Blocky, vesicles, vughy    Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, few quartz 
Sand  Frequent VFS calcite, few VFS quartz 
Gravel:  Fragments of limestone 
Organic: Few bone and very few shell fragments; common phytoliths 
Anth:  Few charcoal, common ashes, coprolite fragments, common clay fragments, 
frequent adobe fragments, few basalt flakes 
 
Micromass:       RD: Porphyric  
Color:  Yellowish-brown (10YR 5/6) 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common cementation and hypocoatings, localized decalcification, Fe-Mn 
staining 
Bioturbation: Root hairs and passage features. 
Notes:   The sample has the components of adobe, but lacks the same porosity.  
Numerous vesicles, some connected by well accommodating planar voids suggest that the material was on 
the surface for a time.   
 
 
 
Sample:  BN13-12B     Catalogue Number: 3194 
 
Context:  E: Layer Ic     Slide Size: 51x76 mm 
U10a, L. 301 / 373    Make: Simon Fraser University 
70.84 – 70.79 m asl 
Pedality: Irregular subangular blocky   Microstructure: Blocky 
Porosity: Blocky, vesicles, vughy, planar voids  Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, few quartz 
Sand  Frequent VFS calcite, few VFS quartz 
Gravel:  Fragments of limestone 
Organic: Few bone and very few shell fragments; common phytoliths 
Anth:  Few charcoal, common ashes, coprolite fragments, burnt clay fragments, 
fragments of plaster-like material, frequent adobe fragments, few basalt flakes 
 
Micromass:       RD: Porphyric  
Color:  Yellowish-brown (10YR 5/6) 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common cementation and hypocoatings, some pendants on larger grains, 
localized decalcification, Fe-Mn staining 
Bioturbation: Root hairs and passage features. 
Notes:   The linear orientations and vesicles may indicate a surface, upon which the 
material of -12A collapsed.  The linear planar voids may indicate trampling. 
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Sample:  BN13-13.i     Catalogue Number: 3195 
 
Context:  E: Layer Ic     Slide Size: 51x76 mm 
U10a, L. 301 / 373    Make: Simon Fraser University 
71.20 – 71.13 m asl 
Pedality: Angular blocky peds    Microstructure: Blocky 
Porosity: Vesicles, vughy, oval channels voids, planar voids Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, few quartz 
Sand  Frequent VFS calcite, common VFS quartz 
Gravel:  Fragments of limestone, very few basalt 
Organic: Few bone and very few shell fragments; few phytoliths 
Anth:  Very few charcoal, common ashes, coprolite fragments, vitrified adobe fragment 
with carbonized chaff, few basalt flakes 
 
Micromass:       RD: Porphyric  
Color:  Reddish-yellow (7.5YR 6/6) 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common cementation and hypocoatings, localized decalcification, Fe-Mn 
staining 
Bioturbation: Root hairs and passage features. 
Notes:  .   The charcoal, phytoliths, and ash, along with the void structures, are reminiscent 
of adobe, and the fragments of burnt adobe are indicators that whatever the nature of the material, it 
originated from anthropogenic sediment.  There are signs of root activity in this region, however, so the 
original structure may be much affected.  The linear planar voids and vesicles may indicate that this 
material has been heavily compressed by the later wall built atop. 
 
Sample:  BN13-13.ii     Catalogue Number: 3195 
 
Context:  E: Layer Ic     Slide Size: 51x76 mm 
U10a, L. 301 / 373    Make: Simon Fraser University 
71.20 – 71.13 m asl 
Pedality: Angular blocky peds    Microstructure: Blocky 
Porosity: Vesicles, vughy, oval channels voids, planar voids Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, few quartz 
Sand  Frequent VFS calcite, common VFS quartz 
Gravel:  Fragments of limestone, very few basalt 
Organic: Few bone and very few shell fragments; few phytoliths, coprolite fragments, 
isolated calcite spherulites 
Anth:  Very few charcoal, common ashes, few basalt flakes 
Micromass:       RD: Porphyric  
Color:  Reddish-yellow (7.5YR 6/6); Pale brown (10YR 6/3) 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common cementation and hypocoatings, localized decalcification, Fe-Mn 
staining, slight reddish-brown clay coatings 
Bioturbation: Root hairs and passage features. 
Notes:  .   The unit is quite similar to -13.i, but contained a higher amount of charcoal, ash, 
and phytoliths – elements typical in the studied brick samples.  Few fragments of coprolite material are 
present.  The porosity is ‘classic’ adobe.
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Sample:  BN13-13.iii     Catalogue Number: 3195 
 
Context:  E: Layer Ic     Slide Size: 51x76 mm 
U10a, L. 301 / 373    Make: Simon Fraser University 
71.20 – 71.13 m asl 
Pedality: Irregular blocks, small crumbs, peds are massive Microstructure: Aggregate 
Porosity: Vesicles, vughy, oval channels voids, planar voids Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, few quartz 
Sand  Frequent VFS calcite, common VFS quartz 
Gravel:  Fragments of limestone, very few basalt 
Organic: Few bone and very few shell fragments; few phytoliths, coprolite fragments, 
isolated calcite spherulites 
Anth:  Very few charcoal, common ashes, few basalt flakes 
 
Micromass:       RD: Porphyric / Enaulic 
Color:  Reddish-yellow (7.5YR 6/6); Pale brown (10YR 6/3) 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common cementation and hypocoatings, localized decalcification, Fe-Mn 
staining, slight reddish-brown clay coatings.   
Bioturbation: Root hairs and passage features. 
Notes:  .   Degraded adobe, it has been mechanically reworked.  Interpreted as an older 
remnant of wall, before being topped with new adobe (-13.ii). 
 
Sample:  BN13-23.i     Catalogue Number: 3213 
 
Context:  E: Layer Ib     Slide Size: 51x76 mm 
R10c, L. 338     Make: Simon Fraser University 
70.92 – 70.86 m asl 
Pedality: Massive ped     Microstructure: Massive 
Porosity: Few vughs and passage features   Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Very dominant calcite, dominant quartz 
Sand  Frequent VFS calcite, dominant VFS quartz, and common FS quartz 
Gravel:  None 
Organic: Very few phytoliths and algae 
Anth:  Common ashes, few basalt flakes 
 
Micromass:       RD: Porphyric 
Color:  Light gray (10YR 7/1) 
b-Fabric: Calcitic-crystallic 
Post-dep,/Pedofeature:  Localized decalcification, Fe-Mn staining  
Bioturbation: None 
Notes:  .   Portion of the cremation pit wall.  The wall is a lime-material similar to BN10-
02.ii and BN12-14.i, though the density of sand is more alike to the former.  Sorted sand was selected, 
mixed with ashes and calcareous mud or crushed lime to create the basin wall.  It has been heavily 
damaged, so any burnishing or surfacing has not preserved and the surrounding matrix has filled into 
breaks.  Portions are decalcified, nearby acidic materials may have been degrading the material. 
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Sample:  BN13-23.ii     Catalogue Number: 3213 
 
Context:  E: Layer Ib     Slide Size: 51x76 mm 
R10c, L. 338     Make: Simon Fraser University 
70.92 – 70.86 m asl 
Pedality: Large ped with mod. separated planar voids  Microstructure: Spongy/ Blocky 
Porosity: Few vughs and passage features   Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, few quartz 
Sand  Common VFS calcite and quartz 
Gravel:  Limestone grains 
Organic: Common phytoliths, few bone (some burnt) and shell fragments 
Anth:  Common ashes, few charcoal fragments (some FS-CS) Common fragments of 
burnt clay and adobe. 
 
Micromass:       RD: Porphyric  
Color:  Reddish-yellow (7.5YR 6/6); Very pale brown (10YR 7/4) 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common cementation; Localized decalcification, Fe-Mn staining  
Bioturbation: None 
Notes:   Substrate surrounding the cremation pit.  Very disturbed, with small fragments 
of archaeological material and burnt fragments of clay and adobe.   
 
 
 
 
Sample:  BN14-04     Catalogue Number: 3263 
 
Context:  E: Layer 0a     Slide Size: 27x46 mm 
W9c, L. 360     Make: Simon Fraser University 
71.45 – 71.44 m asl 
Pedality: Irregular subangular blocky peds   Microstructure: Massive / Blocky 
Porosity: Vughs, channel, planars    Sorting: Unsorted 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, common quartz 
Sand  Dominant calcite, common VFS quartz, and few FS quartz 
Gravel:  Limestone grains 
Organic: Common bone and shell, few phytoliths 
Anth:  Few charcoal fragments, common ashes 
 
Micromass:       RD: Porphyric 
Color:  Reddish-yellow (7.5YR 6/6); Very pale brown (10YR 7/4) 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Few hypocoatings, Fe-Mn staining, mottled aspect.  Clay infillings. 
Bioturbation: Passage features 
Notes:   The material is a mix of anthropogenic inputs, particularly ash, represented in 
the micrite.  There is a hierarchy of development, with material decalcifying the fabric, followed by further 
calcite growth.  Biological activity is evident with the concentric infillings that are likely biogenic.
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Sample:  BN14-05     Catalogue Number: 3265 
 
Context:  E: Layer I     Slide Size: 27x46 mm 
W9c      Make: Simon Fraser University 
71.46 – 71.45 m asl 
Pedality: Irregular subangular blocky peds   Microstructure: Massive / Blocky 
Porosity: Vughs, channel, planars    Sorting: Unsorted 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, common quartz 
Sand  Common VFS calcite and quartz, few FS quartz, very few igneous minerals 
Gravel:  Limestone grains 
Organic: Few bone and shell, very few eggshell fragments, few phytoliths, coprolite 
fragments 
Anth:  Few charcoal fragments, common ashes, very few chert grains 
 
Micromass:       RD: Porphyric 
Color:  Light gray (10YR 7/1); Very pale brown (10YR 7/4) 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Frequent hypocoatings and cementation, Fe-Mn staining, mottled aspect.  Few 
yellow clay coating 
Bioturbation: Passage features 
Notes:   The material contains light archaeological matter, in secondary contexts.  The 
coprolite fragments further suggest fill.  Bioturbation has affected the material, both recently and the past, 
as is evidenced by disturbed pedogenetic processes (e.g., broken hypocoatings). A small amount of newer 
calcitic material in voids suggests more recent processes. 
 
 
 
Sample:  BN14-07     Catalogue Number: 3274 
 
Context:  E: Layer Ic     Slide Size: 27x46 mm 
Q10c      Make: Simon Fraser University 
70.80 – 70.79 m asl 
Pedality: Irregular subangular blocky peds   Microstructure: Massive / Spongy 
Porosity: Vughs, channels     Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, common quartz 
Sand  Common VFS calcite and quartz, few FS quartz 
Gravel:  Limestone grains 
Organic: Few bone and very few shell fragments, dominant phytoliths, coprolite 
fragments 
Anth:  Common charcoal and ashes, very few chert grains 
 
Micromass:       RD: Porphyric 
Color:  Very pale brown (10YR 7/4) 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Few hypocoatings and cementation, Fe-Mn staining.  Few yellow clay coating 
Bioturbation: Passage features 
Notes:   Differences in ped and hypo amount compared to brick.  Strong channel 
porosity.  Some areas are so heavily carbonatic that they are micritic.  Others are heavily phosphatized. 
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Sample:  BN14-08     Catalogue Number: 3279 
 
Context:  E: Layer Ib     Slide Size: 27x46 mm 
W9c      Make: Simon Fraser University 
71.41 – 71.40 m asl 
Pedality: Irregular subangular blocky peds   Microstructure: Massive  
Porosity: Vughs, channels     Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, few quartz 
Sand  Common VFS calcite and quartz, few FS quartz 
Gravel:  Limestone grains 
Organic: Few bone, shell, and eggshell fragments, few phytoliths, coprolite fragments 
Anth:  Few charcoal and common ashes, very few chert grains 
 
Micromass:       RD: Porphyric 
Color:  Yellowish-brown (10YR 5/6 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common cementation, few Fe-Mn staining and grains. 
Bioturbation: Passage features 
Notes:   The material is highly ashy, which has cemented and incorporated already extant 
materials including phosphatic material.  The Fe-Mg content is high, with orthic Fe nodules and staining 
forming in place. 
 
 
Sample:  BN14-10     Catalogue Number: 3292 
 
Context:  E: Layer Ib     Slide Size: 27x46 mm 
W9c      Make: Simon Fraser University 
71.30 – 71.29 m asl 
Pedality: Irregular subangular blocky peds   Microstructure: Massive/vesicular 
Porosity: Vughs, vesicles, oval channel voids   Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, very few quartz 
Sand  Common VFS calcite, very few VFS – CS quartz, very few igneous grains 
Gravel:  Limestone grains 
Organic: Few bone, shell, and eggshell fragments, frequent phytoliths, coprolite 
fragments 
Anth:  Frequent charcoal and ashes, very few chert grains 
 
Micromass:       RD: Porphyric 
Color:  Reddish-yellow (7.5YR 7/6) 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common cementation, few Fe-Mn staining around voids, and Fe-Mn nodules.  
Cementation of phosphatic material 
Bioturbation: Passage features 
Notes:   This sample is degrading adobe.  As with other samples, there are indications of 
purposeful dung and ash inclusion.  The adobe was found isolated within the Ib matrix, suggesting that it 
had been dislodged from its primary context.  That it survived in place for so long would suggest that it was 
deposited and covered in a quick event.  
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Sample:  BN14-18A     Catalogue Number: 3349 
 
Context:  E: Layer Ib     Slide Size: 27x46 mm 
W9c, L. 326     Make: Simon Fraser University 
71.30 – 71.29 m asl 
Pedality: Irregular subangular blocky peds   Microstructure: Massive/vesicular 
Porosity: Vughs, vesicles, oval channel voids   Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, common quartz 
Sand  Common VFS calcite, few VFS – CS quartz, very few igneous grains 
Gravel:  Limestone grains 
Organic: Few bone and shell fragments, dominant phytoliths, coprolite fragments 
Anth:  Common charcoal and ashes, few chert grains 
 
Micromass:       RD: Porphyric 
Color:  Very pale brown (10YR 8/3) 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common cementation, few Fe-Mn staining around voids, and Fe-Mn nodules.  
Cementation of phosphatic material, reddish-yellow clay coatings 
Bioturbation: Passage features 
Notes:   This sample demonstrates the variation in adobe material found at Pond 11.  In 
the field this sample appeared to be adobe and came from a context with other fragments.  Microscopically, 
however, it is distinct.  The low number of vesicles and the limited amount of large charcoal grains differs 
from other adobe examples.  This material is either a different form of construction material than other 
Pond 11 adobe, or it is background Ib that had been molded into form post-deposition. 
 
 
Sample:  BN14-23     Catalogue Number: 3406 
 
Context:  E: Layer Ib     Slide Size: 27x46 mm 
T7b      Make: Simon Fraser University 
71.25 – 71.25 m asl 
Pedality: Irregular blocky peds    Microstructure: Spongy 
Porosity: Vughs, vesicles, oval channel voids   Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, few quartz 
Sand  Common VFS calcite, few VFS quartz 
Gravel:  Limestone grains, basalt grains 
Organic: Few bone and shell fragments, common phytoliths, coprolite fragments 
Anth:  Few charcoal and common ashes, few chert grains 
 
Micromass:       RD: Porphyric 
Color:  Very pale brown (10YR 7/4) 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common cementation, frequent Fe-Mn staining around voids, and Fe-Mn 
nodules.  Cementation of phosphatic material 
Bioturbation: Passage features 
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Notes:   The material shows the heavy anthropogenic input that derived the Ib layer.  At 
the same time, the post-depositional and textural features display that the material was heavily reworked, 
and has been subject to drying and wetting episodes. 
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Sample:  BN14-27     Catalogue Number: 3599 
 
Context:  E: Layer Ic     Slide Size: 27x46 mm 
X9a      Make: Simon Fraser University 
71.40 – 71.37 m asl 
Pedality: Massive blocky ped    Microstructure: Spongy 
Porosity: Vughs, vesicles, oval channel voids   Sorting: Unsorted 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, common quartz 
Sand  Common VFS calcite, common VFS quartz 
Gravel:  Limestone grains 
Organic: Few bone and shell fragments, few phytoliths, coprolite fragments 
Anth:  Very few charcoal and few ashes, few chert grains 
 
Micromass:       RD: Porphyric 
Color:  Very pale brown (10YR 8/3) 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common cementation, frequent Fe-Mn staining around voids, and Fe-Mn 
nodules.  Cementation of phosphatic material 
Bioturbation: Passage features 
Notes:   This has a typical adobe structure, but lacks the phytoliths and charcoal 
associated with them. 
 
 
 
Sample:  BN14-28     Catalogue Number: 3568 
 
Context:  E: Layer Ic     Slide Size: 27x46 mm 
Q11d      Make: Simon Fraser University 
70.63 – 70.61 m asl 
Pedality: Massive blocky ped    Microstructure: Spongy 
Porosity: Vughs, vesicles, oval channel voids   Sorting: Unsorted 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, common quartz 
Sand  Common VFS calcite, common VFS quartz, very few CS basalt 
Gravel:  None 
Organic: Few bone fragments, common phytoliths, coprolite fragments 
Anth:  Common charcoal and ashes, few chert grains 
 
Micromass:       RD: Porphyric 
Color:  Very pale brown (10YR 8/3) 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common cementation, frequent Fe-Mn staining around voids, and Fe-Mn 
nodules.  Cementation of phosphatic material 
Bioturbation: Passage features 
Notes:   This material is adobe, according to its content and porosity.  It is very similar to 
the other examples from Ic contexts.  The ash is clearly an intentional addition, and the burnt material 
includes both plants (charcoal) and dung (spherulites).  The location of these brick materials to the 
immediate exterior of the Wall 203 could indicate that this is material that fell, relatively intact, from the 
wall or some attached structure.
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Sample:  BN14-3316.1     Catalogue Number: 3316 
 
Context:  E: Layer Ic     Slide Size: 27x46 mm 
X10a, L. 387     Make: Simon Fraser University 
70.63 – 70.61 m asl 
Pedality: Massive blocky ped    Microstructure: Massive 
Porosity: Vughs, vesicles, oval channel voids   Sorting: Poor 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, common quartz 
Sand  Frequent VFS calcite, common VFS quartz, and common FS quartz 
Gravel:  None 
Organic: Very few bone and shell fragments, dominant phytoliths, coprolite fragments 
Anth:  Frequent charcoal and dominant ashes, few chert grains 
Micromass:       RD: Porphyric 
Color:  Very pale brown (10YR 8/3) 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common cementation, frequent Fe-Mn staining around voids, and Fe-Mn 
nodules.  Cementation of phosphatic material 
Bioturbation: Passage features, roots 
Notes:   This material is degraded adobe.  The clumps of ashes and charcoal suggest that 
it was purposefully included as filler material.  Burnt soil nodules further support this hypothesis, and 
suggest that the ash and charcoal were taken directly from the place of burning.  The cross section of the 
shell revealed distinct carbonate material, and indicate a marshy origin.  This adobe appears to have been 
constructed from a combination of marsh material, anthropogenic sediment, and burnt plant matter.  
Coprolite fragments are few, as are spherulites, so these may have been a minor ingredient, or just 
background filler.  
 
 
Sample:  BN14-3426.8     Catalogue Number: 3426 
 
Context:  E: Layer Ic     Slide Size: 27x46 mm 
X10a/X9c     Make: Simon Fraser University 
70.63 – 70.61 m asl 
Pedality: Massive blocky ped    Microstructure: Massive 
Porosity: Vughs, vesicles, oval channel voids   Sorting: Poor 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, common quartz 
Sand  Frequent VFS calcite, common VFS quartz, and common CS quartz 
Gravel:  None 
Organic: Very few bone and shell fragments, dominant phytoliths, coprolite fragments 
Anth:  Common charcoal and frequent ashes, few chert grains 
Micromass:       RD: Porphyric 
Color:  Reddish-yellow (7.5YR 6/6); yellow-brown (10YR 5/6) 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common cementation, frequent Fe-Mn staining around voids, and Fe-Mn 
nodules.  Cementation of phosphatic material 
Bioturbation: Passage features, roots 
Notes:   Regions do not change by content or structure with the color of the burning.  
Lots of spherulites suggest that dung was included. The color changed across the sample, but the 
temperature of burning was homogenous (above 700° C), as confirmed by FTIR (performed at Simon 
Fraser University).  The fact that some areas had more hypocoatings than other is interesting.  Some 
regions have strong hypocoatings, others have none.
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Sample:  BN14-3472.2     Catalogue Number: 3472 
 
Context:  E: Layer Ic     Slide Size: 27x46 mm 
X9b/X10a, L. 389    Make: Simon Fraser University 
70.63 – 70.61 m asl 
Pedality: Massive blocky ped    Microstructure: Massive 
Porosity: Vughs, vesicles, oval channel voids   Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, very few quartz 
Sand  Common VFS calcite, few VFS quartz, and common CS quartz 
Gravel:  None 
Organic: Few bone, shell, and eggshell fragments, common phytoliths, coprolite 
fragments 
Anth:  Common charcoal and frequent ashes, few chert grains 
 
Micromass:       RD: Porphyric 
Color:  Reddish-yellow (7.5YR 6/6); yellow-brown (10YR 5/6) 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Frequent cementation, common Fe-Mn staining around voids, and Fe-Mn 
nodules.  Cementation of phosphatic material 
Bioturbation: Passage features, roots 
Notes:   The material in this sample has the hallmark structure and content associated 
with adobe.  The carbonate content of the sample may ultimately imply a lacustrine source for the material, 
but the large amount of anthropogenic content (the charcoal, ash, and ceramic fragment) shows that 
wherever the original material came from, it had been heavily reworked prior to use as construction 
material.  The relatively well-preserved microstructure of this sample (suggests that locus 389 was in fact 
the lower course of an earthen wall built upon the stone foundation Wall 315.  It also suggests that this 
earthen wall was relatively well preserved at the time that the new stone foundations of Wall 362 were laid.  
Although the uppermost portion was either already degraded or purposefully removed, at least the lower 
portion had survived. 
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Pond 11 Samples: Sector F 
 
Sample:  BN10-12     Catalogue Number: 1807.8 
 
Context:  F: Layer B1, below L. 243    Slide Size: 51x76 mm  
U25d      Make: Spectrum Petrographic 
71.09 – 71.02 m asl 
Pedality: Blocky primary, mod. sep. blocky secondary peds Microstructure: Blocky 
Porosity: Moderately accommodating planar   Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, few quartz 
Sand  Frequent VFS calcite; few VFS quartz; few basalt 
Gravel:  Few limestone 
Organic: Common shell, few bone fragments; Common phytoliths, few algae 
Anth:  Common charcoal, few chert flakes, few ashes, few adobe fragments 
 
Micromass:       RD: Porphyric 
Color:  Brownish-yellow (10YR 6/6); reddish-yellow (7.5YR 6/6)    
b-Fabric: Undifferentiated / Calcitic crystallic 
Post-dep,/Pedofeature Common Fe-Mn nodules and hypocoatings. 
Bioturbation:  Very few modern roots 
Notes:   Fragments of silt crusts.  Rich in micrite.  Reworked archaeological layer. 
 
 
 
 
Sample:  BN10-23A     Catalogue Number: 1879 
 
Context:  F: Layer B     Slide Size: 51x76 mm  
W26      Make: Spectrum Petrographic 
71.46– 71.41 m asl 
Pedality: Moderately separated irregular blocks  Microstructure: Blocky 
Porosity:  Moderately accommodating planar, vughs  Sorting: Unsorted 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite; few quartz 
Sand Common VFS calcite and quartz, few FS basalt and limestone, few igneous 
minerals 
Gravel:  Limestone 
Organic: Few shell, eggshell, and bone fragments, fishbone, few phytoliths, coprolite 
fragment 
Anth:   Common FS charcoal and few ashes, few chert, burnt clay and adobe fragments 
 
Micromass:       RD: Porphyric 
Color:  Reddish yellow (5YR 6/8); Very pale brown (10YR 7/4)  
b-Fabric: Undifferentiated / calcitic-crystallic 
Post-dep,/Pedofeature:  Few calcite nodules and hypocoatings and silty brown clay coatings.  Localized 
decalcification.  Few Fe-Mn staining.  More recent calcite forming around Fe-
Mn stained nodules. 
Bioturbation:  Few roots and plant matter, passage features. 
Notes:   Archaeological colluvium with slight pedogenic alteration. 
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Sample:  BN10-23B     Catalogue Number: 1879 
 
Context:  F: Layer B     Slide Size: 51x76 mm  
W26      Make: Spectrum Petrographic 
71.44– 71.39 m asl 
Pedality: Moderately separated irregular blocks  Microstructure: Blocky 
Porosity:  Moderately accommodating planar, vughs  Sorting: Unsorted 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite; few quartz 
Sand Common VFS calcite and quartz, common limestone, few igneous minerals 
Gravel:  Limestone 
Organic: Few shell, eggshell, and bone fragments, fishbone, few phytoliths, coprolite 
fragment 
Anth:   Common FS charcoal and few ashes, few chert, burnt clay and adobe fragments 
 
Micromass:       RD: Porphyric 
Color:  Reddish yellow (5YR 6/8) ; Very pale brown (10YR 7/4)  
b-Fabric: Undifferentiated / calcitic-crystallic 
Post-dep,/Pedofeature:  Few calcite nodules and hypocoatings.  Localized decalcification.  Few Fe-Mn 
staining.  More recent calcite forming around Fe-Mn stained nodules. 
Bioturbation:  Few roots and plant matter, passage features. 
Notes:   Same as BN10-23A.  Archaeological colluvium with slight pedogenic alteration. 
 
 
 
 
Sample:  BN10-23C     Catalogue Number: 1879 
 
Context:  F: Layer B     Slide Size: 51x76 mm  
W26      Make: Spectrum Petrographic 
71.43– 71.38 m asl 
Pedality: Single ped, mod. separated secondary blocky peds Microstructure: Blocky / Massive 
Porosity:  Moderately accommodating planar, vughs  Sorting: Unsorted 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite; few quartz 
Sand Common VFS calcite and quartz, common limestone, few igneous minerals 
Gravel:  Limestone 
Organic: Few shell, eggshell, and bone fragments, fishbone, few phytoliths 
Anth:   Common FS charcoal and few ashes, few chert, burnt clay and adobe fragments 
 
Micromass:       RD: Porphyric 
Color:  Reddish yellow (5YR 6/8); Very pale brown (10YR 7/4)  
b-Fabric: Undifferentiated / calcitic-crystallic 
Post-dep,/Pedofeature:  Few calcite nodules and hypocoatings.  Localized decalcification.  Few Fe-Mn 
staining.  
Bioturbation:  Few roots and plant matter. 
Notes: Less sand that -23A and -23B, and no coprolite fragments.  Less disturbed 
archaeological layer with slight pedogenic alteration.  
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Sample:  BN11-03     Catalogue Number: 5002 
 
Context:  F: Layer B     Slide Size: 51x76 mm  
U25a, Locus 238     Make: Spectrum Petrographic 
71.14– 71.08 m asl 
Pedality: Poorly separated irregular blocky peds  Microstructure: Blocky / Massive 
Porosity:  Moderately accommodating planar, vughs  Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite; few quartz 
Sand Common VFS quartz, common limestone, and few basalt 
Gravel:  Limestone 
Organic: Few shell and bone fragments, few phytoliths 
Anth:   Common charcoal and few ashes, few chert, burnt clay, and adobe fragments 
 
Micromass:       RD: Porphyric 
Color:  Brownish-yellow (10YR 6/6); Very pale brown (10YR 7/4)  
b-Fabric: Undifferentiated / calcitic-crystallic 
Post-dep,/Pedofeature:  Well developed carbonate hypocoatings, but the micromass is generally 
decalcified.  Common clay infillings.   
Bioturbation:  Few roots and plant matter. 
Notes: Relatively isotropic.  Possible floor preparation layer.  
 
 
 
 
 
 
Sample:  BN11-07C.i     Catalogue Number: 1975.5 
 
Context:  F: Layer B     Slide Size: 51x76 mm  
U25a, Locus 238     Make: Spectrum Petrographic 
71.14– 71.10 m asl 
Pedality: Poorly separated irregular blocky peds  Microstructure: Blocky / Massive 
Porosity:  Complex pacing, well acc. planar, channel  Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite; few quartz 
Sand Common VFS quartz, common limestone 
Gravel:  Limestone 
Organic: Few shell and bone fragments, few phytoliths 
Anth:   Common charcoal and few ashes, few chert, burnt clay, and adobe fragments 
 
Micromass:       RD: Porphyric 
Color:  Reddish-yellow (7.5YR 6/6) 
b-Fabric: Undifferentiated / calcitic-crystallic 
Post-dep,/Pedofeature:  well-developed carbonate hypocoatings, but the micromass is generally 
decalcified; few brown-red clay infillings and coatings.   
Bioturbation:  Few roots and plant matter. 
Notes: A disturbed archaeological layer. 
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Sample:  BN11-07C.ii     Catalogue Number: 1975.5 
 
Context:  F: Layer B     Slide Size: 51x76 mm  
U25a, Floor 238     Make: Spectrum Petrographic 
71.14– 71.10 m asl 
Pedality: Sub-rounded massive peds    Microstructure: Blocky / Massive 
Porosity:  Complex pacing, well acc. planar, channel  Sorting: Moderate 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Very dominant calcite; few quartz 
Sand Frequent blocky VFS quartz, few FS and CS basalt, and igneous minerals  
Gravel:  None 
Organic: Very rare shell and bone 
Anth:   Very rare charcoal 
 
Micromass:       RD: Porphyric 
Color:  Light gray (10YR 7/1)  
b-Fabric: Calcitic-crystallic 
Post-dep,/Pedofeature:  Fe-Mn staining 
Bioturbation:  Few roots and plant matter. 
Notes: Microsparite and micrite matrix with well sorted blocky quartz.  Plaster or 
mortar, part of the floor preparation for Floor 238. 
 
 
 
Sample:  BN13-09     Catalogue Number: 5247 
 
Context:  F: Layer C     Slide Size: 51x76 mm 
U26a      Make: Simon Fraser University 
70.84 – 70.79 m asl 
Pedality: Angular blocky     Microstructure: Blocky 
Porosity: Vughs, vesicles, well accommodating planar voids Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Dominant calcite, few quartz 
Sand  Frequent VFS calcite, few VFS quartz 
Gravel:  Fragments of limestone 
Organic: Very few bone and shell fragments; common phytoliths 
Anth:  Very few charcoal, common ashes, coprolite fragments, burnt clay fragments 
 
Micromass:       RD: Porphyric  
Color:  Light yellowish brown (10YR 6/4) 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common cementation and hypocoatings, localized decalcification, Fe-Mn 
staining 
Bioturbation: None 
Notes:   The vesicles suggest that this layer was a near the surface for a time, indicating a 
slow deposition of material on top – slow enough to preserve the fragile structure.  The other note is that 
despite being from certain archaeological context, there were fewer fragments of charcoal than in other 
archaeological layers.  The lower frequency may reflect an area that was lesser disturbed than other 
portions of the sector, or an area that was sequestered away from larger fire features during the use of the 
site. 
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Sample:  BN14-5326.5A    Catalogue Number: 5326 
 
Context:  F: Layer 01     Slide Size: 27x46 mm 
X26      Make: Simon Fraser University 
71.08 – 71.03 m asl 
Pedality: Poorly separated blocks    Microstructure: Blocky 
Porosity: Vughs, channels, fissures    Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, very few quartz 
Sand  Common VFS calcite, few VFS quartz 
Gravel:  Limestone 
Organic: Few bone and shell fragments, common phytoliths 
Anth:  Few charcoal and very few ashes 
 
Micromass:       RD: Porphyric 
Color:  Reddish-yellow (7.5YR 6/6) 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common hypocoatings 
Bioturbation: Passage features, roots 
Notes:   The column provides evidence of gradual change from blocky, silty material up 
towards a mixed silty-clay fill material.  Archaeology is found in all layers, but the frequency and size of 
the material in the lower sample differ from the higher portion.   
 
 
 
 
Sample:  BN14-5326.5B    Catalogue Number: 5326 
 
Context:  F: Layer 01     Slide Size: 27x46 mm 
X26      Make: Simon Fraser University 
71.06 – 71.02 m asl 
Pedality: Poorly separated blocks    Microstructure: Blocky 
Porosity: Vughs, channels, fissures    Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, very few quartz 
Sand  Common VFS calcite, few VFS quartz 
Gravel:  Limestone 
Organic: Few bone and shell fragments, common phytoliths 
Anth:  Few charcoal and very few ashes 
 
Micromass:       RD: Porphyric 
Color:  Yellowish-brown 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Few hypocoatings 
Bioturbation: Passage features, roots 
Notes:   The column provides evidence of gradual change from blocky, silty material up 
towards a mixed silty-clay fill material.  Archaeology is found in all layers, but the frequency and size of 
the material in the lower sample differ from the higher portion. 
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Sample:  BN14-5326.5C    Catalogue Number: 5326 
 
Context:  F: Layer 01?     Slide Size: 27x46 mm 
X26      Make: Simon Fraser University 
71.04 – 71.00 m asl 
Pedality: Poorly separated blocks    Microstructure: Blocky 
Porosity: Vughs, channels, fissures    Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, very few quartz 
Sand  Common VFS calcite, few VFS quartz 
Gravel:  Limestone 
Organic: Few bone and shell fragments, common phytoliths 
Anth:  Few charcoal and very few ashes, burnt clay with voids, basalt 
 
Micromass:       RD: Porphyric 
Color:  Yellowish-brown 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Few hypocoatings 
Bioturbation: Passage features, roots 
Notes:   The -5236C.0 sample is similar to the bases of Trenches 6 and 7 in terms of 
fabric, and similar to T7-B01 in terms of content size and frequency. 
 
 
 
 
 
 
Sample:  BN14-5326.9A    Catalogue Number: 5326 
Context:  F: Layer B     Slide Size: 27x46 mm 
X26      Make: Simon Fraser University 
71.28 – 71.21 m asl 
Pedality: Poorly separated blocks    Microstructure: Blocky 
Porosity: Vughs, channels, fissures    Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, very few quartz 
Sand  Common VFS calcite, few VFS quartz 
Gravel:  Limestone and basalt 
Organic: Common bone and few shell fragments, common phytoliths 
Anth:  Few charcoal and very few ashes, burnt clay with voids, basalt 
 
Micromass:       RD: Porphyric 
Color:  Yellowish-brown 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common hypocoatings, some pendants.  Frequent Fe-Mn staining and nodules. 
Bioturbation: Passage features, roots 
Notes:   The material contains anthropogenic material, but does not have the same coarse 
fraction as Layer B material.  Rather, this material is a blend of those fabrics and a more red clay material, 
akin to the surface material found west of Pond 11. 
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Sample:  BN14-5326.9B    Catalogue Number: 5326 
 
Context:  F: Layer B     Slide Size: 27x46 mm 
X26      Make: Simon Fraser University 
71.28 – 71.21 m asl 
Pedality: Poorly separated blocks    Microstructure: Blocky 
Porosity: Vughs, channels, fissures    Sorting: Poor 
 
Coarse fraction:       C/F Ratio: 4 µm 
Silt  Common calcite, very few quartz 
Sand  Common VFS calcite, few VFS quartz 
Gravel:  Limestone and basalt 
Organic: Common bone and few shell fragments, common phytoliths 
Anth:  Few charcoal and very few ashes, burnt clay with voids, basalt 
 
Micromass:       RD: Porphyric 
Color:  Yellowish-brown 
b-Fabric: Undifferentiated / Calcitic-crystallic 
Post-dep,/Pedofeature:  Common hypocoatings, some pendants.  Frequent Fe-Mn staining and nodules. 
Bioturbation: Passage features, roots 
Notes:   The material contains anthropogenic material, but does not have the same coarse 
fraction as Layer B material.  Rather, this material is a blend of those fabrics and a more red clay material, 
akin to the surface material found west of Pond 11. 
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